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1 
This invention relates to routine testing equip- 
ment for dial telephone systems and has for its 
object to facilitate the testing, of control circuits 
used in toll dial systems. 
The testing equipment fo which the present  
invention relates is particularly designed for the 
testing of incoming senders of the type disclosed 
in Patent 2,564,441, granted to McKirn-Strickler, 
August 14, 1951. 
These ineoming sentiers are azranged fo register 10 
subscriber designations having a maximum of 
eleven digits which include a three-digit area 
code, a three-digit office code and a four or rive- 
digit numerical designation. In addition they 
may register three or four-digit operator codes. 15 
Under instruction from a marker, these sentiers 
may senti out the complete designation as re- 
eorded, Or may be instructed to omit the area 
code (skip 3), fo omit both codes (skip 6) or fo 
substitute an arbitrary code for either or both 20 
of the registered codes. 
In accordance with the present invention the 
testing circuit, which is equipped with a set of 
keys for each digit which may be transmitted fo 
a sentier, distributor switches for controlling the 25 
sequential transmission of the digits and other 
distributors for checking the digits as sent out 
by the sentier, is arranged to automatically pre- 
set the distributers on the first set of keys on 
which a digit is set up. 0 
Means is also provided, in connection with test 
calls which would normally require the sender 
to senti-out a designation differing from that 
registered, for example fo skip three digits, for 
making two successive tests, on the same sentier, 5 
one instructing the sentier to senti out the desig- 
nation as recorded and a second permitting the 
sentier fo senti out the altered designation. 
Since the sentiers to be tested may senti out 
designations in the form of any one of a plu- 40 
rality of types of puises, for example, dial pulses, 
multifrequency puises or directcurrent code 
pulses, the testing circuit is provided with re- 
ceiving means of each type, one of which is ruade 
effective for each test, with means for checking 45 
the setting of the effective receiving means after 
the receipt of a digit against the setting of the 
corresponding key-set, and for advancing the re- 
ceiving distributors only if the check is satis- 
îactory. 50 
In receiving multifrequency pulses, the receiv- 
.ng register hot only checks that the digit received 
corresponds to the setting of the key-set but also 
checks that the signal received is marie up of two 
frequencies and no more or less than two belote 55 
permttting the distributor fo advance.  

These and other features of the invention wlll 
be more clearly understood from a consideration 
of the following description in connection wlth 
the drawing in which: 
Figs. 1, 2, 9 and 10 show the sender selecting 
circuits; 
Figs. 3, 4, 5, 11, 12, 13 andparts of Figs. 6 and 
14 show eircuits for testing the sentier control 
conductors; 
Figs. ï, 8, 15, 16, 23, 24, 30, 31, 32 and.parts of 
Figs. 6, 14 and 22 show the key-sets and associated 
circuits; 
Fig. lï shows the trunk closure delay testing 
circuit; 
Figs. 18,. 25 and 26 show a plurality of control 
keys; 
Figs. 19, 20, 21, 27, 28, 29 and part of Fig.22 
show the circuits for setting multifrequency 
senders; 
Figs. 33, 34, 38, 49, 50, 51 and parts of Figs. 45 
and 46 show the circuits for setting dial pulse 
senàers; 
Figs. 35, 4ï and parts of Figs. 45 and 46 show 
the marker connection checking circuit; 
Figs. 36, 37 and 48 show the circuits for re- 
ceiving and checking digits received by multifre- 
quency puises; 
Figs. 39, 40, 41, 52 and 53 show the circuits for 
receiving and checking digits received by direct 
current code pulses; 
Figs. 42, 43, 44, 54, 55, 56 and 57 show the cir- 
cuits for receiving and checking digits received 
by dial puises; and 
Fig. 58 shews the manner in which the remain- 
ing figures are fo be arranged. 
In general the elements of the circuit bave 
been given functional designations, but, for eon- 
venience in locating the elements in the specifica- 
tion, each designation is followed by the hum- 
ber of the figure in which it is located, set off 
by parentheses. Where conductors are grouped 
into a cable, the cable bas been given a number 
ruade up oï the numbers of the two figures in 
which the cable terminates. 
A brief description of the operation of an in- 
coming sentier in connection with a service call 
will assist in an understanding of the present 
dsclosure. When an incoming trunk requires 
the services of a sender, if cal]s in the sentier 
link control circuit whicl tests for a sentier 
marked idle and connects the sender with the 
trunk over a plurality of circuits closed at the 
contacts of the cross-bar switches constituttng 
a sentier link. Over these conductors the sentier 
indicates to the trunk that it has been attached, 
receives an indication of the class of the trunk 
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and then splits the trunk to establish incoming 
and outgoing control and pulsing circuits. The 
wanted designation is transmitted fo the sender 
over the incoming pu]sing circuit. After a hum- 
ber of digits have been received the sender calls 5 
in a marker or decoder and transfers the code 
or codes thereto. The marker or decoder trans- 
lates the code for the purpose of controlling the 
selection of an outgoing trunk and the connec- 
tion of the selected trunk fo the incoming trunk. 10 
It also returns fo the sender an indication of the 
type of out-pulsing required, an indication of 
the rime fo be measured by the sender before 
establishing the out-pulsing circuit, an indication 
of any digits which are tobe substituted for code 15 
digits registered, and an indication of the ime 
of completing the cormection between trunks. 
In response fo these indications the sender sends 
out all or a part of the registered designation 
and then releases. The sender also makes a _0 
test of the outgoing supervisory circuit, which 
takes place before or after out-pulsing under the 
control of the class indications. 
GENEIAL DESCIIPTION 
For a routine test of all of the senders of an 
oïce, a test designation is selected and is set up 
on the various key-sets, the area code on the area 
code key-sets ACA(ô), ACB(ô) and ACC(14), the 
oïce code on the oïce code key-sets OCA(14), 3O 
OCB(14) and OCC(14), the numerical designa- 
tion on the numerical key-sets TI-I(14), 1-1(22), 
T(22) and U(22) and if used, a stations digit or 
a fifth numerical digit on the stations key-set 
STA(22). One of the keys MAN(25), DC1(25), 33 
MFI(25), LPD(43) or SXD(43) is operated ac- 
cording as the selected designation represents a 
call requiring that the sender send out no pulses, 
direct-current code pulses, multifrequency code 
puises, loop dial pulses or simplex dial pulses. 0 
One of the keys 0TD(25), 3TD(25), 5TD(25) or 
7TD(25) is operated according fo the rime inter- 
val which the sender is required fo measure 
before connecting with the outgoing end of the 
trunk, in accordance with the type oï outgoing J5 
trunk represented by the test designation. In 
addition, certain keys in the marker connection 
test Circuit are operated in accordance with the 
assumed class of incoming trunk or other signal 
wtiich the sender should pass fo a marker or 50 
decoder. 
The start key is then operated and the master 
selecter MS(l) advances fo the first sender selec- 
for after which the first sender selector advances 
fo the first sender. In this position, which is 55 
associated with a sender which is to be set by 
multifrequency puises, relay INIF(18) is operated. 
The trunk closure delay timing switch TCD(1OE) 
is preset in position 1, the pulse checking switch 
is preset fo the position corresponding fo the first «.0 
key-set in which a key bas been operated and 
then the multifrequency pulsing switch MFP(21) 
is set fo the position corresponding fo the first 
key-set in which a key has been operated. 
In the meantime, the circuit for operating the 65 
test connector relays in the sender bas been 
tested and those relays operated. The conduc- 
tors connecting the sender with the test circuit. 
which are the same as those which connect the 
sender with the trunk, are tested first for crosses 70 
and then for the proper condition. A class sig- 
nal is then passed fo the sender and the response 
of the sender thereto is tsted. 
When the sender is ready fo receive pulses if 
signals the test circuit and the code designation 75 

4 
set up on the code key-sets is transmitted under 
the control of the switch M_FP(21). The marker 
connection test circuit then ïunctions fo check 
the information passed ïrom the sender fo the 
marker and a signal is passed back fo the sender 
simulating trunk selection and marker release. 
The trunk closure delay timing is then checked 
by switch TCD(17) and for most forms of out- 
pulsing the operation of the SL relay of the 
sender is tested. For dial type out-pulsing this 
test is delayed until after out-pulsing is com- 
pleted. 
Following the trunk closure delay test the re- 
maining digits are transmitted fo the sender and, 
for most calls, following the SL relay test the 
digits sent out by the sender are received and 
checked. 
When all the digits sent out by the sender bave 
been chcked, the operation of the sender in con- 
trolling trunk cut-through and release are 
checked. 
The test circuit then advances the sender selec- 
tor to the next sender and the same tests are 
made on that sender. When all of the senders 
connected fo the first sender selector bave been 
tested, the master selector is advanced fo the 
next sender selector. When the last multifre- 
quency sender bas been tested the dial type send- 
ets are tested, relay IDL(18) being operated and 
the designation sent fo the sender under the con- 
trol of switch DC(33.). 
DETAILED OPERATION 
Complete cycle--ten-digit number--MF in- 
pulsing MF ou-pulsing 
In order fo illustrate the over-all operation of 
the test circuit, if will be assumed that the 
test circuit is located in an office of the type dis- 
closed in the above-identified McKim et al. patent 
and that a complete test cycle is fo be made on 
all senders, using a designation made up of an 
area, route or systems code, an office code and a 
four-digit numerical line designati0n, and that 
all of the digits are fo be out-pulsed by means 
of multifrequency puises fo an intertoll%runk. 
Assuming that all parts of the test circuit are 
normal and that a designation 403-652-1897 is 
fo be used, the area code 85 will be set up on 
the area code key-sets ACA, ACB and ACC (Figs. 
6, 7, 14 and 15) by operating key 700 (key 4 of 
ACA), key 00 (key 0 of set ACB) and key 
(key $ of set ACC). The office code 5 is set up 
on the office code key-sets OCA, OCB and OCC 
(Figs. 14 and 15) by operating key {} (key 
of set OCA), key 60 (key  of set OCB) and 
key  =,0 (key  of set OCC). The numerical des- 
ignation is set up on the numerical key-sets TH, 
I-I, T and U (Figs. 14, 15, 22 and 23) by operat- 
ing key 400 (key ! of set TI-I), key 00 (key 8 
of set I-I), key $0 (key 9 of set T) and key $0 
(key  of set U). 
One of tl/e trunk class keys V0(46) or 
NV0(46) must be operated and it will be assumed 
thàt key NV(46) is operated. 
Key 1VIFl(25) is operated fo prepare the test 
circuit for checking the multifrequency pulses fo 
be sent out by the sender. 
One of the trunk c!osure delay keys 0TD(25), 
$TD(25), 5TD(25) and TD(25) is operated in 
accordance with the requirements of the trunks 
associated with the area code used for the test. 
These keys control the measurement of a trunk 
closure delay of 0 second, .375 second, .575 second 
or .775 second, respectively. If will be assumed 
that the trunks associated with area code  re- 



.qur,.e:a:575rseconl ,tu.nk.de!ay rime int.er-val and 
thre£0re :key ,5TD(25),wfllbe,operated. 
 it,i,!l-beunde, rst_o0d ththe .oelection Çf he 
rea-o, de ey. lhe code cnversion :kys ud 
he skip digi ks-to be operted fr any test 5 
wfll ç goveze,d by he condiions existing at the 
,office in ch the st ccuit is lcuted. 
:ne :of -he dli:ng speed and :per .cent break 
eys correspondg o the desired indialing, to 
 be :used in testing -1 .,te .s.ders, is operted. ] 
e -eys tt.he .ction of-the ender in 
sponse to .Slow :or ;-fust :diuling with muxim or 
minim len,h ulses with or without .u ge 
und,sd :be ed  .rotation on-successive .test 
.cctes. ,r s decptin :it ill be ussed 15 
h£ :key @,- .P. :P. S. Mux. (49), -is oPemed, 
hich :ests .he bius d udjtment  -the 
pulsing lay ,in diul-yPe seners :nd ulso :the 
 bility o :the slow veluy to hold over slow diul 
Selection o] ,sender 
ter the designation keys and the bove- 
nord control keys have been operated, the start 
ky ,ST(-10) -is operated. Key ST(10) closes-a 25 
cçuit for 0Perating the locg oycle sart 
ly S'(2) wch ,may be tred 'from battery 
brough thewinding of relay LCS(2), onductor 
, contact  .of key ST(10)., conductor -., 
to ground-at .the normally cl0sed contact  o£ 
relay EC(2). Relay LCS(2) Qp¢rates in this cir- 
cuit and locks over its contact , condùctor 
_normally closed conter- oï key .N(t0) 
ground-over conducr 
Relay .S(2) closes a cct ,rom-ground 
over its c0ntct $, conducr '2, c0ntuct :Z vï 
kÇy .ST(10), normally closed contact 2 of :key 
-PC(10), _conductor , windi Oï rely 
-FST(2) ,battery. lay FST(2) operates,and 
10cks over its contact , contact $ oï retay 40 
,C(2), contact  oï rely EC.(2), .conductor 
2$, to ground-af normally closed contt .2 
key RN(10). Af ifs contact , relay 
connects.ground fo conduoEor -ich xtends 
'through table ,$2 to :batery "through  
nding oï relay O$ (30). 
Relay :FST(2) also strts the operation o£ oe- 
[ecting a sender by coectg gzod fo con- 
-ducat 2, nd-thence over-.the .normalcontct 
of-bzh-MSS(!) o£ he mter selector-MS(-1) 50 
and conducr : to bateçy through the lower ' 
winding of relay S(10). RelaY 
operates ,in this circt .and closes ,a locking cir- 
cuit for itse extending from battery thmh 
its upper wding and oer ts contact 2, con- 55 
ductor $2 to ground at contact  qf oelay 
S(2). Gro.ud coected ,to conductor 
over the normal contact of brush MS-(.!) .also 
exten fo battery through he wding o£:retay 
,C(10), operating that relay, .nd over the 60 
bck contact and through the winng of 
ping magnet MS(I) oï the mtr .selechor 
batter, operuting mater MS(OE-) -which opens 
its operating circuit ,at ifs back contact-and steps 
the mter selector fo its first operative :position, 
thereby op.ening the above-traced operating cir- 
.cuit ïor relays "S(10), MSC(10) ndthe:step- 
Ring mgnet .MS(l). Relay MSS.(I0) ,.is toCked 
as-above described but .relay S(20) releas¢s. 
 With the toaster selector in ifs first off-rma 70 
position, connectio are set UP with, the 
 oï a plurality of sonder selec,-which-control 
the coection oï the test circuit to gmups 
sentiers  be tested. 
eon as velay MSC (1O) reloes, ,circuits re 75 

.lo.sed _î_o.r :advanc'_mg :the :!ir_st se._nde_r 
S_S¢1-) ino :con_ne.ci_en -w_ith .the ,ftrst s._.d.er 
,hich it hs =a¢cess..A :circuit :is .c!ose, d for-.he 
:selecto_r .advance relay SA(10) -w_hich may 
-traced from batteçy,through the -winding Df.elay 
SA(10)., -conducter -I{}{$_, contact 1 f rely 
_S.TB(,2), conductr 2, .contact I of relay 
lYfSB(.1O), contacts 2 and I of eta:y 
contact :S ,of :relay MSS,(10), cDrtact .2 of :r_!y 
.MS/k(10)., conductor 1{}2 fo ground at -c,ont.ac£ 
.I of .rey 
-lelaySA (.1) ._opera, tesin ,thiscircuit :andlosS 
:a ,circuit :from .bttery through the winding ,of 
 rela-y S.G ( 1),, conduc.tor 1 { I, .contact  ,Of :r.elay 
SA(10), contact I of relay DSG(10),to g:round 
t conta, ct I of :rely TCN(1.0). Relay 
o.pertes in this. circuit ,and locks ever ifs. contact 
 _$n.d conductor 4:2 to .,ground .af ,contat /I o 
,ety ..SA.(I)  
:W:ith xelay SSG_(il) ,op, eraed, :a circuit is closed 
.fxom .grund .over contac 2 and $ of relay 
-SS(1) in parallel, over,contacts  and ,§ o z.el,y 
SS_C (1)  in :parallel, aer -the firSt off,normal .ter 
minal o .brush _'MS2 (1) £o _bsttery hrough .he 
ateppingmagnet SS.(1.) .of sender.selector 
,A circuit is-also closedffrom ground over contacts 
2 and  .of relayÆSSG(1) and over-contact ! 
.that»elay-to battery ,£hro, ugh,the..winding of:relay 
.SSC(I) and esistance BF('I). A branCh of :the 
operating çcircuit flot :magnet SS(I) extends over 
the :back contact .of .that magnet, conductor 
,the ,Tirst off,normal terminal .of brush MS(I') 
,and contact f ,of relay SSC (1), fo battery £hrough 
-resistance BF(1-) in shunt of the winding..of 
.lay :SSC(1.). Magnet .SS(ï) .operates in the,,cir- 
cuit above traced, opening af ifs back .contact 
the shunt around the .winding of relay SSC(I) 
,permi-tting :that.relay to operate. èlay 
in operating opens the circuit of magnet,SS¢l) 
 which releases to advance switch "SS(I) :to its 
-12rst-offnormal ,position. Relay SSC(1), .at :its 
contact "$, .opens :the shunt around 'its ,winding 
so :that it .remains operUted ater magnet :SS:6:I:) 
releases. Af its contact , re]ay SSC.(OE) connects 
greund-to conductor 1$ thereby completing a 
crcuit to battery .through .the winding ..of relay 
DS(10), operating the latter relay. 
.Relay DSG(10) ,closes a-circuit rom ,battery 
through the winding of relay STB2), conductor 
2, contact  of relay DSG(10), .c0nduCtor '$, 
contact I .oT relay 'MSC(10), contact $ ,of relay 
'MSS10), contact, oï relay :MS,:(I0), to ground 
over,conductor ,10{}2. Relay STB(2) operates in 
this circuit ,and locks .over its contact , con- 
 ductor 2{}$and thénce ,as above traced to .grounl 
on conductor 1{}{}2. Relay-STB(2) at ifs.contact 
 1 0Pens -the .circuit ,of relay :SA (I0,) -and:helatter 
relay -releases. 
The release.of retay SA(10) opens .the:loCking 
circuit, o -relaySSG (1) and that relay reteaes, in 
turn-releasing-rel,y SSC(1) and relay :DSG(10). 
With switCh SS%-I ) in position t, ,sender lamp 
"0 (1.) s li.ghed over-brush,SS2(l) -and-frame ,tamp 
FI,(-1) islig-hted-over brush SS(:I.) to identify-the 
sender-under test. -As soon as switch SS(1) 
alyanced.to,its first.off-norma or.operative posi- 
tion, ,a circuit .,is closed-for informng the test 
circuit as ,to-the-type of pulsing required for,set- 
ting.the associated sender. This circuit may be 
 raced,rom gound at contact I of relay:MSS (10), 
conductor }0, brush MSS-(1) in :its-first 
,normaLposition, brush SS$.(ï) in .position 1,:.con- 
tact 2 of key DL(1), conluctor $9 to battery 
through the .windig o relay IMt.(-18). Relay 
I1VF(18) operates fo prepre 
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sending multifrequency pulses to the sender un- 
der test. AI1 of the terminals of brush SS3(1) 
which are associated with sentiers requiring mul- 
tifrequency pulses, are strapped together and 
connected to the circuit for relay IlVIF(18), as 
are the similarly associated terminals of other 
sentier selector switches. Terminals of sender 
selectors associated with sentiers requiring dial 
puises, are connected over Conductor Il2, con- 
tact 2 of key MF0(1) and conductor |{}5 to bat- 
tery through the winding of relay IDI,(18) to 
prepare the test circuit to transmit dial type 
puises. Relay IMF(18) at its contact 8 lights 
lamp IM-F(18) to indicate the type of sentier 
under test. 
When relay SA(10) release, following the 
advance of the sentier selector SS(1), a circuit 
is closed for operating the test relays of the senti- 
er associated with position 1 of sentier selector 
SS(1), which circuit may be traced from ground 
at contact 2 of relay FST(2), conductor 205, con- 
tact 3 of relay MSC(10), contact 3 of relay 
SA(10), contact 8 of key PC (10), conductor ! 2 ! 2, 
winding of relay TCN(10), conductor ! 005, brush 
MS! (1) in position 1, brush SS5(1) in position 1, 
conductor 105 to the sentier indicated by.the box 
1450. In the sentier, conductor 106 extends in 
parallel to two test connector relays and battery. 
Relay TCN(10) is marginal so that it operates if 
the circuit is properly completed through two 
relay windings and fails to operate if the circuit 
of either or both test relays is open at the sentier. 
Assuming that relay TCN(10) operates, a cir- 
cui iæ closed from ground over contact 2 of relay 
TCN(10) , contact 6 of relay MSA(10), conduc- 
tor 1006, contact 9 of relay CAl(2), conductor 
2{}9, to battery through the winding of off-nor- 
mal relay ON(Il) to start the operation of the 
test circuit. 
When relay ONI (30) operates, as above de- 
scribed, it closes a plurality of circuits for oper- 
ating relays corresponiing to the key-sets in 
which keys bave been operated. These circuits 
may be. traced as follows: 
Battery through the winding of relay ACA(8), 
conductor $00, contact I of key 100, conductor 
101 to ground at contact 2 of relay ONl(30); 
battery through the winding of relay ACB(8), 
conductor 801, contact I of key 600, fo ground on 
conductor 101; battery through the winding of 
relay ACC(16), conductor 1600, contact I of key 
1500, to ground on conductor 101; battery 
through the winiing of relay OCA(16), conduc- 
tor 1601, contact I of key 1501, conductor 1401 
to ground at contact 6 of relay ON1(30); bat- 
tery through the winiing of relay OCB(16), 
conductor 1602, contact I of key 1502 to ground 
on conductor i40i; battery through the winding 
of relay OCC(16), conductor 1603, contact I of 
key 1503 to ground on conductor 1401; battery 
through the winding of relay TH(16), conduc- 
for 1604, contact I of key 1400, conductor 1402 
to ground at contact 3 of relay ON1(30); bat- 
tery through the winding of relay H(24), con- 
ductor 2400, contact I of key 2300 to ground on 
conductor 1402; battery through the winding of 
relay T(24), conductor 2401, contact I of key 
2301 to ground on conductor 1402; battery 
through the winding of relay U(24), conductor 
2402, contact I of key 2302, conductor 2303 to 
ground at contact 1 of relay ONI (30). Therefore 
relays ACA(8), ACB(8), ACC(16), OCA(16), 
OCB(16), OCC(16), TH(16), H(24), T(24) and 
U(24) are operated immeditaely after the opera- 
tion of relay ONI (30). 

8 
Since no keys are operated in sers CCH(7), 
CCT(7), CCU(7) and STA(22) the associated re- 
lays are not operated and circuits are closed for 
lamps CCH(8), CC7(8) and CCU(8) over the 
5 back contacts of the corresponding relays and 
conductor 802 to ground at contact 4 of relay 
ON1(30) and for lamp STA(24) over the back 
contact of relay STA(24) to ground on conductor 
2303 to light these lamps. In addition, a circuit is 
lo closed from ground over contact 5 of relay 
ONI(30), conductor 3{}{}0 through cables 30-32 
and 8-24, contacts 3 of relays CCU(8), CCT(8) 
and CCH(8), conductor 804 through cable 
to battery through the winding of relay NSK(32). 
15 Relay ON(ll) when operated connects groUnd 
to conductors ll00 to liil to supply ground to 
various parts of the test circuit, the purpose of 
which will appear hereinafter. Ground on con- 
ductor il01 completes an obvious circuit for re- 
fio lay CT(ll). Ground on conductor ll03 com- 
pletes a circuit through resistance AC(3) and the 
lower winding of relay TST(3) to electrically po- 
larize that relay and cause it to hold its contact 
I closed. Ground on conductor l l04 completes 
25 a circuit to battery through the winding of relay 
TDS(17). Ground on conductor il l0 completes 
a circuit over contact 3 of relay TC0(4) to bat- 
tery through the winding of relay XTT(4). 
Ground on conductor l lll completes a circuit 
,o through cable 19-34 to battery through the wind- 
ing of relay NICK(47). 
When relay TDS(17) operates in the above- 
traced circuit it connects ground to conductor 
1104 to light lamp MFR(25) over contact 1 of 
35 key lVIFR(25). It also connects ground over 
its contact I through resistances AF(17) and 
BA(17) to battery to supply a reduced potential 
for the timing relays TDA(17) and TDT(17). 
This reduced potential is connected through 
40 resistance/LE, contact I of jack TDA(17), wind- 
ing of relay TDA(17), contact 2 of jack 
TDA(17), contact I of jack TDT(17), upper 
winding of relay TDT(17), contact 3 of jack 
TDT(17) through resistance BB(17 to full bat- 
45 tery potential, thus energizing relay TDA(17) in 
a direction to close its contact 2. A second cir- 
cuit extends from fuil battery potential over 
contact 3 of jack TDT(17) through the lower 
winding of relay TDT(17) over contact 2 of jack 
50 TDT(17) to ground through resistances AA(17) 
and AB(17) and condenser TDT(17). How- 
ever, resistance AB(17) and condenser TDT(17) 
are shunted by a branch circuit extending over 
contact I of relay I_IK(17) and conductor 
55 to ground at contact 3 of relay TDS(17). The 
energization of thè lower winding of relay 
TDT(17) in this circuit overcomes the effect of 
the upper winding and holds contact I of relay 
TDT(17) closed. 
60 Relay TDS.(17) closes a circuit for checMng 
the normal condition of the trunk closure delay 
checking apparatus and the operative condition 
of relay TCK(17) by closing a circuit from bat- 
tery through the winding of relay TCK(17), 
65 conductor 1101, resistance KA(17), contact 2 of 
relay TDS(17), normal contact and brush 
TCD2(17) of the trunk closure delay timing 
switch, contact 5 of relay DF2(17), contact 5 of 
relay DFI(17), contact 6 of relay TDK(17), 
70 conductor 1102 to ground at contact 6 of relay 
BLK(ll). 
Relay TCK(17), if properly adjusted, operates 
and closes a circuit from ground over its con- 
tact 2, conductor 1103, terminal of brush 
,5 TCDI (17) in normal position, back contact and 
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9 
winding of stepping magnet STEP'(1.7) of switch 
TCD(17) to battery and in-parallel. herewith- 
through the winding of relay TDG(12) to- 
tory. Relay TDG(17) operates but has-ï0 funb- 
tion at this rime. Magnet STE(17) operates,. 
opening ifs back contact and releases to advance 
switch TCD(17) to. its- first off-normal- position. 
The advance oï brush TCD2(I7) openS the cir- 
cuit of, relay TCK(17) which also releases The 
trunk closure delay circuit now awaits action. 
other parts of the test circuit. 
Presetting the ulse chectzing switch 
Ground connected to condUct0r I.I+00 initiates 
the presetting oï the pulse check: and control+ 
circuit required to check the- designation as sent: 
out by the sonder. It will be remembered tha+ 
key lV£F(25) was operated on. the assumption 
that the test code requires: multiïrequency, out- 
puling bY the senders Theréfoe the' c0nnec- 
tion. of ground: to - conductor  [t00- completes. 
circuit over contact 2 of key MAN(25)-, cOntaCt 
! of key iV1(25), conductor 250 to battery 
through the winding of relay 
lelay MR(37) operates in this circuit. At 
its contact relay iVIFR(37) C0nnects gr¢iand= 
over conductor 3{}, normgl terminal of brush.. 
MIK (48), back contact and winding of stëp- 
pin-g magnet MFK(48) to batter:¢ A- branch of 
this circuit extends over conduetor 2 tb- the 
winding of relay MKG(37) and Over contacts 
nd  of relay PMl(37) to battery thr0ugh 
sïstance BT(37). Relay DIFR(37) at iris con- 
Vact 6 connects ground to the winding of rela-y 
PMR(37), résistance BT(37) and ba.ttery., but 
the circuit above traced t: resistance BT(3) 
prevents the operation of relay PtVI(37). iVïag- 
net MFK(48) operates in the circuif traced, open 
ing its own Circuit' to step sv¢itch MFK(48) toposi - 
tion 1 in which the previousl-traCed, shunt 
around the winding of rëlay PMl(37) ïs opened. 
Fortests. in which s0me or ail of the code digits 
are hot to be sent ou% relay M_FI(37) at its c0n-- 
tact  closes a shunt a.round the winding, of  relay 
PMR(37), which extends over conductor 
and brush NIFK2(48) in normal position ad. 
position 1 to a baCk contact of relay ACA(8) and. 
back to conduct0r 250. This circuib. lso. serves 
to operate magnet MFK(48) to further advance 
switch MFK(48). Under the present, assump-- 
tion, relay ACA.(8) - is opera-ted and no such 
shunt is closed. Therefore, relay PMR(3ç) 
operates as soon as switch MFK(48) advnces 
to position 1, opening the- circuit for operating- 
magnet iVIFK(48) and leaving switch MFK.(48) 
in position 1. lelay Pr_(37) closes, a circuit.- 
from ground at contact ' of relay TDS(17), con- 
ductor {}, contact 3 of relay PMR(.3),. con- 
ductor 30, contact 0. of relay ItYIF(18), con- 
ductor {} to ba-ttery throug.h the wi.nding of, 
relay MFA(26) to indicate that switch" MFK(48,) 
bas been preset. 
llay MFR.(37) at its contact -, connècts 
ground to conductor {}8 and - bgttery t-hough 
the winding of relay BAT(36) operaing the lait -- 
ter relay which connects battery over its c'on-. 
tacts I , 2, nd3 to condflctors ,8"I I,. 812 and: 
813 to prepare the multirequency pulsing re» 
ceiving circUit of Fig. 48 for operati0n: 
Prese$$i.ng of in-puIsing, smi$vh. 
Since. relay 2/C(8) is opeae6J, tloEe operai0: 
of relay 1VIFA-(26 ) closes a  circuï hicl. may be 
traced from ground over conact : Of: rel:y 
ACA(8), conductor 803 through cä01es 8.-2:. and 

G-32', contact I of relay 1VIFA(26), conductor 
200; ttrough cble 18-22 to battery through the 
winding of rela-y AçU (22). 
Re!ay MFA(26) also c!oses a circuit ïrom. 
ground at contact 3- of- relay TDS(17), conductor 
I'2-00i contact 5 of relay 1VIFA(26), conductor  
2:61 to battery through the winding of multl- 
frequency start relay IvïFS(29). Relay MFS(29) 
operates-in this circuit and closes a circuit ïrom 
ground over its contact 3, conductor 291}, nor- 
mal terminal oï brush MFPI (21) oï the multi- 
ïrequency pulsing control switch 1VIFP(21), back 
contact and winding of. stepping magnet MFP- 
(21) to battery. Magnet 1%'.FP(21) operates, 
Opens its back contact and re!cases, advancing 
switch A)I2.P(21) to position 1. ïnis position is 
used for tesing the reaction of the sonder to a. 
fatse key pulse under the control of leys 3FKP-- 
(22') or FP(22)-. WithïoEeiher of- these keys op- 
era-ted, a circuit is- now closed from ground over 
contact 
5rush-]KFP2'(21-) in Fmsition 1, conductor 
contact  of key 3FKP(22), contact - of key 
FlP(22), contacts 2:2G contacts 3 anale2: Of relay 
iVfPS(29, conductor 292 over tle bcl contact 
and tlrough, the windin of steppin$ magnet 
tvÏFP(21)- te battery, operating that magnet: le- 
lay MFS(29) at its contact 5 closes a. circuit from 
ground , througti the. winding of rela-y MPS(29) 
and resistance ' BT(29) to batery, but a. brancti: 
of tt/e circuits traced for magnet 1VIFP(21) ex-. 
tends over con-tac  of relay. MPS(29) to re- 
Sistance BT(29-) in shunt of the winding o re 
lay MPS(29). Other branches extend to battery 
through the windings of relay MFG(29) to bat- 
tory, operating the latter relay in parallel with 
the stepping magnet, but relay 1VIFs3(29) bas no 
function at this rime. When magnet M_2'P(21) 
operaes it opens: its back contact, interrupting 
its operating circuit and releases to advance 
swich NIFP(21) o position 2. When brush 
MFP(21) leaves position 1, the shunt around 
the winding ofrelay MPS(29) is opened and that 
relay operates, further opening the circuit of 
magnet F'P(2-1)- and" releasing relay lYfFG(29). 
When rely lVIFS(29) operated; it also closed 
a- Circuit from battery through the winding of 
retay GL(29), contact 4 of relay MFS(29), con- 
ductor 2903, contact I of relay BLKI(ll). to 
gr0und on conduct0r I IGg: l%elay GL(29) oper- 
açes in this circuit and Closes a piuralitF of cïr- 
cUits-the ' purpose of which will appear bore- 
iiiafter. 
Relay MFS(29) at its contact  closes an obvi- 
ous circuit for operating relay AC(29y. Relay 
AC:('20) closes a circuit from round over its con- 
tactG, conductor 29G4 , contact 2 of relay KS(.20), 
conductor 2e00, contact I oï relay PC3k(27) to 
battery through tt/e winding of rely PCI (-27) 
and over contact I- of relay FGK(27)- tobatery 
through-lamp FGK 
lelay PC 1(27) operates, c]osing a circuit from 
ground connected as above traced to conductor 
2000: over contact I of relay PC1(27) tobattery 
thr0uglï the Winding of relay PC2(2). Relay 
Pç2 (27) opertes and locks over its contact 2- 
to ground on condctor 2000. At 
relay - PC I (27) closes- n obvious circuit: for rèlay 
PçT(27). 2ït: its contact  relay PCI:(27) con-- 
nects ground to conductor 220ff completing 
circuit to battery through the winding of relay 
PR-(28). Retays PCT-(27) and PR(2) operate, 
relay, PR(28) lighting lamp PR(27). Ttle multi- 
fr6qëncF fl/-pu:lsing circuit now awaits a" signai 
fo sta'r puls]ng. 
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When relay CT(ll) operates in response to 
the operation of off-normal relay ON(Il), if 
connects battery through 8500-ohm resistance 
AA(II) over contact ! of relay CA(ll), con- 
ductor || |2, contact | of relay TC(3), contact | 5 
of relay BTB(3), upper winding of relay TST(3) 
fo -130-volt battery fo test the adjustment and 
non-operate bias of the latter relay. Relay 
CT(II) also connects ground over ifs contact 4, 
conductoï | | |3, contact 7 of relay TC(3) fo bat- l0 
tery through the winding of relay SI(3), oper- 
ating the latter relay, lelay SI(3) ut ifs con- 
tact | closes a circuit for lighting lamp BY(3) 
over contact 4 of relay BTC(3). 
If ïelay TST(3) operates falsely in the above- 15 
traced circuit if closes a circuit from ground ai 
contact | of ïelay SI(3), contact 2 of ïelay 
TST(3), conductor 300, contact | of relay AT- 
(II), conductoï |||4, contact 7 of relay BTC(3) 
fo battery through test operate failure ïelay 20 
TOF(3). Relay TOF(3) if operated locks over 
ifs contact 2 fo ground on conductor ||0|, lights 
lamp TOF(3) over ifs contact 3 and ai ifs con- 
tact | extends ground from conductor ||0| over 
conductor 30|, contact | of relay SK2(11) and 25 
conductor 508 fo battery through the lower wind- 
ing of relay BLK(II) fo block the operation of 
the test circuit. 
Relay CT(II) ai ifs contact 2 connects the 
protective network ruade up of condenser CD(II) 30 
and resistance CA(Il) fo terminal 2 of tube 
V|(11) and ai ifs contact 3 connects resistance 
AB(Il) in parallel with the winding of relay 
AT(I1). 
Testng conclton o! sencler 35 
Assuming that relay TST(3) does hot operate, 
the sender, with which the test circuit is con- 
nected, is tested to determine whether it is idle, 
by closing a circuit from battery through the 40 
winding of relay BT(3), contact 4 of relay SR(3), 
contact 4 of relay HRP(3) to conductor 302 which 
extends through cable 8-|4 to sender |45{}. 
the sender is busy, conductor 302 is open in the 
sender, but as soon as the sender becomes idle 5 
ground is connected to conductor 302, operating 
relay BT(3). Relay BT(3) locks over its con- 
tact 2 to ground in the sender independent of 
relay 
Relay BT(3) closes a circuit ïrom ground over 50 
contact | of relay S1(3), contact | of relay 
TST(3), contact 2 of relay TC(3), contact | of re- 
lay BT(3) to battery through the winding of re- 
lay BTA(3). 
Relay BTA(3) operates and at its contact |,  
closes an operating circuit for relay BTB(3). 
Relay BTB(3) operated, closes a circuit from 
ground ai contact | oï relay SR('3), contact 4 of 
relay BTB(3) to battery through the winding of 
relay BTC(3) operating relay BTC(3). 60 
Relay BTC(3) ai its contact 4 opens the cir- 
cuit of lamp BY(3) and ' closes a circuit from 
ground'at contact | of relay.SR(3) over contact 
5 of relay BTC(3), contact 9 of relay TC(3) to 
battery through lamp DT(3). In addition relay 6 
BTC(3) Closes a circuit from ground over its 
contact 3, contact 3 of relay BTB(3) to battery 
through the winding of relay DTC(3). At its 
contact 7, relay BTC(3) opens the circuit of re- 
lay TOF(3) to prevent its operation when relay 0 
TST(3) operates subsequently. 
Relay DTC(3) when operated closes a circuit 
from ground on conductor ||02, contact 2 of re- 
lay DTC(3) to battery through the winding of 
relay BTT(3) and connects ground on conductor 5 
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1102 over its contact 3 and contact I of relay 
BT(3) to the winding of relay BTA(3) to hold 
that relay operated. Relay DTC(3) at its con- 
tact 4 connects W130-volt battery and resistance 
DTC(3) over conductor 303 to terminal I of tube 
VI(ll). 
Relay BTT(3) closes a circuit from battery 
through the winding of relay BTK(ll), conduc- 
tor 1115, contact 2 of relay BTT(3) to ground 
over conductor 1102. 
A test is now made to determine whether a link 
controller circuit bas selected this sender for use 
in connection with a service call. If the sender 
has not been selected, negative battery will be 
connected to conductor 1405, while, if a link con- 
troller circuit is connected with the sender, posi- 
tive potential will be connected to that conductor. 
Conductor 1405 is connected through cable 3-|4, 
over contact 5 of relay BTB(3), conductor 304, 
through the winding of relay AT(ll) in parallel 
with resistance AB(ll) and contact 3 of relay 
CT(ll) fo terminal 4 of tube V| (11). ÷130-volt 
battery is connected by relay DCT(3) as pre- 
viously traced to terminal I of tube V| (11) while 
terminal 2 is connected over contact 2 of relay 
BTB(3) to positive battery through the upper 
winding of relay TST(3). 
If positive battery is connected to conductor 
|405, the test circuit waits until it has been re- 
moved. If a controller tests at the same rime as 
the test circuit relay AT(ll) operates the cir- 
cuit waits until the controller withdraws 
test. With negative battery on conductor 140, 
tube VI(ll) breaks down, operating both relay 
TST(3) and relay AT(ll). With these two re- 
lays operated a circuit is closed from ground at 
contact I of relay SR(3), contact 2 of relay 
TST(3), conductor 300, contact 2 of relay 
AT(ll), conductor 1110, to battery through the 
winding of relay TC(3). 
Relay TC(3) operates in this circuit and locks 
over its contact 4 to ground on conductor 1102. 
With relay TC(3) operated, ground from con- 
ductor 1102 is connected fo conductor 305, and 
relay BTC(3) locks thereto over its contact 
while relay BTK(ll) also locks thereto over its 
contact I. Ai its contact 7, relay TC(3) opens 
the circuit of relay S1(3) which starts to re- 
lease. Ai its contact 5, relay TC(3) connects 
gether terminals I and 4 of tube VI (11), quench- 
ing the tube and releasing relays TST(3) and 
AT(ll). 
When relay S1(3) releases and closes its con- 
tact 2, if completes a circuit from gr0und at 
contact 8 of relay SKI(4), conductor 40, con- 
tact 2 of relay SR(3), contact 2 of relay BTC(3), 
contact 5 of relay I-1RP(3), conductor 306 
through cable 3-14 to the sender 1450, operating 
the make-busy relay of the sender which in turn 
removes ground from conductor 302, releasing 
relay BT(3). 
With relay BT(3) released, biasing circuits are 
closed for relays SN(3) and MG(3) extending 
rom ground at contact | of relay BTC(3), con- 
tact 5 of relay BT(3), upper winding of relay 
SN(3), contact |0 of relay BTC(3) to battery 
through resistance BC(3) and from ground at 
contact | oï relay BTC(3), contact  of relay 
BT(3), lower winding of relay MG(3), contact 
9 of relay BTC(3) to battery through resistance 
BB(3). Ai its contact |, relay BT(3) opens the 
circuit of relay BTA(3) which releases slowly, to 
allow rime ïor the link controller to disconnect 
ïrom conductor |405. 
Relay BTA(3) when released, in turn releases 
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re|yBTB(3) ,followed by rela;% DTC(3) and re- 
la BTT(3)«the latter relay a]so releasing slowly. 
i zelayBTB(3) nd DTC(3) released, con- 
du 4; is nnected" ovez contact.  oï rlay 
B(3 contac 8of rélay BTC(3), through the 
lower wihoEng, of relaY S.(3) and the upp 
winng. 0f rCa G(3), contact 2 o relay 
OE('3),.conductor 30 contact I o rela DTC(3) 
fo gzound onconducor I102. Relays SN(3) and 
G(3) serve fo make a marinal test  oï the 
value, of the resthnce connected, fo conductor 
14'05 in  sender 1450,. 
IysSN(3). and- MG(3) are so adjusted that 
if the resistance connected o lead 149: is less 
than 1800: os» oth.. relays operate,, if more 
than 100" ohms- ut less than. 5500 ohms, re!ay 
SN(3) eptes-alone-and:if more than ,500 ohms 
nithe reta: operates. With. both relays opez- 
ated; when: relay BTT(3) releases u circuit 
clogedfromground on conducor. I iO2, oer con- 
tact, I of tay:DTC(3), conduCtor ., contact: 
of çelay B(ll=), conductbr I llT contact  of 
rela'B(3),, contact 2.: of " relà SN(3), contact 
2 of relaF MG(S-), contact  of re]ay LK(3) to 
batery-, through lamp-DT(3)., If neithe relay 
opezates a circuit is closed which: extends as 
ae: taced  to contac I of relay BOET(3) and 
thence over contact t of relay $5T(3), contact 
of, relay LK (3) to.batry through-lamp  DT(3). 
In either case the test circuit caot proceed with 
ifs oReration: 
If the resistance.on conductor i45 is satisfac- 
to and relay SN(3) operates alone; a  circuit 
is, closed from ground as abovetraced to contuct 
2 of relay SN(3). and over contact,  of relay 
MG(3)- te battezy through the winding of relay 
LK(3). Relay LK(3) operates andlocks-ovr - its 
contact =, 3, conductor 30, contacç t of: relay 
DTC(3:) fo- gçound on. conductor  i62 :. Relay 
LK(3) , af its contacts 4 and I opens the circuits 
o£ lamps ---DT(3) and DT(3) and» at its con- 
tact-5, coects ground  to conductor 8., com- 
çleting a circuit, over the contact of relay 
X(4%,tö-battery through the winding of , re]ay 
X-K( to initial a- test of= the sentier selector 
multlpl fo determine tht. no crosses exist 
thern, 
Test of control-conductors 
With,,relay XK'(4)  opezated, ground on con- 
dcto Il i6 is connected over. contact I of relay 
() t0-battery through the windg of relay 
TCO(4). Relay TC0(4) operates and locs over 
it,contaet:2:to-greundon conductor 39. Af its 
contac¢. 2 t0 5 àndTto:12 relay (4) coects 
conductors  t408 t469 193 t44 rat0, t4t t, 
and: 14-14: to i4,i:, of the sonder, which are the 
conduct0r, wch appear in the sonder selector 
multiple; fo, appropriate testg circuits. Cbn- 
ductors  1416 141 1-41:1 ad IO which are nor- 
màllk» opeh when the sonder is seize are con- 
nete'dïoVer'contaCts,2:, , T:an:8of relay XK(4) 
, mulGpl fo 2]=V01t àttery though the lower 
windig 0f,relay (). C0nductors i414 
and 1409 which are normally connected fo 48- 
vOlt: batte in the, sende, are connected over 
contactS.4, çand. I I of relay 4)  multiple, fo 
4gavolt: battery tr0ùgh të upper widing of 
relày '(). CondUCtOr /403, which iS normally 
connected to grod in the sonder, is coected 
over" contact t0« = of: relay  (4) fo ground 
through:thelover vAnoEng:of:rely (4).. Con- 
duct'ors - t 40 . and - 1408 « are. fferently connected 
in.senders :equipped:to receival pùlses and in 
oendezs, equipped: fo receive- multifrequency 
pnlses: If  the sonder, der test» réceives. 1- 
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pulses, re]ay IND(4'); i  operated.;, but siiice: 
sonder under tes,t  is assumedi to be. one Chat, re-- 
ceives multifrequenypulses it.is,not operated:aç 
this rime. Therefore;. cenducto] Ig4, whïch is 
5. normally grounded-in a" multifrecuency, sendë; 
is connected over contact 9 of. relay XK(4). ah-d: 
contact I oï rely IND(4") togroundçhrougii ttïë 
lower vinding of: relaY XB(¢).= ondiïct0r i408, 
which is normal]: connected to. 43: volts--iii a 
multifrequency sonder,, is' connected: oVe con- 
tact i2 o reiuy: XK.(4)! und  contact- 5 of  relay: 
IND(4)- to 48vo]t battery tl]rough ttie Ulïer 
winding oî relay 
If any: one oî- the leads tested, is crossed 
a foreign potential, relay -ïA-(,)- or XB(.4,), w.ilL 
operate. Reiay X2(4) operátes retay XB(-4). if' 
the latter relay is not operated: and relay XB'(-4)  
locks through itsupper vindingand-0ver its: con» 
tact 2',to conductor 36T» lights lamp X.(4.), át its: 
contact 3- and prevents, the further operion: of" 
the test circuit. 
Relay TCO(4), vzhich operates, fol]o»ing: the 
operaton of ïelay XK.(4) as. above: described-. 
opens the circuit of relay XTT(4-) but the 
relay is slow to reiease fo allow- rime £or zelaFs- 
XA(4) or XB(4) to oper, ate, belote opening, the - 
circuit of relay XE:(4) and, c ausing, that 
release. Relay- TO:(4) aç, its.contact-4 c,onnects 
ground on conductor LH.0-to conducto» a2: coma" 
pleting a circuit over contact 2.0f,relay 
conductor 1201 contact 2 of-relay SK.(5),, con» 
ductor 02, contact 8-of relay Oi(12)-,.cenduc, 
tor 12[2 to ba-ttery through, progress- lamp, 
OS(20), fo ind_catethat the Srelay oL the sender- 
is to be operated. 
When relay XK(4) reléases, ass,uming that 
relays XA(4) and XB(4) bave not.been, opezated;. 
a circuit is closed.rom conductoz 14:12,,over con- 
tact 6, o relay. XK(4), contact 2- o.,relay, 
contact I o, relay XB(4),, contact- : o-.relay 
TCO (4), condictor 4i winding 0 L relay 
contact 4  of relay SCA(12), conducto 1-200 con- 
tact  of -relay SCK.(5, fo ground"on, conductor 
10. Conductor 12 extends in thesender 
.battery throughthe winding ofthe Srelay w,hich,. 
operates in seris with-relay, SC ( 12:)., ,relay SG(I ) 
also operating  in the above=traçed., circuit. 
Relay SC(12) at itscontact '. 2openst`he circuit. 
of, lamp OS(20) and- complotes a circuit; rom- 
»ground connected to conduct0r : as above 
traced, contact3 of relay SC(I:) ,.conductor, 
contact 6 of relay SK(5} to.:batter$,through,,the 
winding.ofrelay SK(5). Relay. SK(5) opezes: 
in this Circuit anff locks- over its, contact T. O  
55 ground on conductor I I0. Relay SC(12,) also' 
closes a circuit from gromd.at, contact- i o relay- 
SPK(12), contact -of relay.$C(12), conductor 
2 to baterY through.lamp OSP(20). 
Relay SK(5) closes a circuit- from groun_d, over 
ifs contact , conductor OS: fo batter,y thro_uh: 
the winding of relay SKt(4). With rela 
operated, if extendsits operating ground over:its  
contact , conductor 94 andtlence-ovèr,ç0n- 
tact  of relay SPC(12) and conductor 2g fo 
battery through lamp oCL(2b).. Relay SK.)- 
at ifs contact. $ disconnects gr0und frem con- 
ductor 05, releasing, the make-busy rely, of. the 
sonder but- the cperation-of the sonder S, relay, 
as above described prevents, the reconnectio» 
of ground, fo conductor. 
Test o/ trunl c!ass regisraion 
The test.circuit-is nowready, to test the trunk- 
class registration functions of, the sonder.. In. 
75 preparation for receiving trunk- class registraten 
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the sender connects 48-volt battery fo conductor 
1409 and 24-volt battery to conductor 1410. Dial 
senders also connect 24-volt battery fo conduc- 
tor 14! l. With 48-volt battery on conductor 
1409, a circuit is completed over contact 3 of relay 
SKI(4), conductor 403, contact 6 of relay 
SPA(12), contact ! of relay CLC(12), conductor 
1200, winding of relay TIK(4) and resistance 
TIK(4) to ground, operating relay TIK(4). With 
24-volt battery on conductor 1410, a circuit is 
completed over contact ! of relay SKi (4), con- 
ductor 404, contact I of relay SP(12), contact 
5 of relay CLC(5), conductor 1207 fo ground 
through the winding of relay KTK(4). Con- 
ductor 141 ! is connected over contact 2 of relay 
SKi (4), conductor 405, contact 7 of relay SP(12), 
contact 8 of relay CLC(12), conductor 1208 fo 
ground through the winding of relay KRK(4), 
but since a multifrequency sender is belng tested 
this circuit is not completed, its contact being 
by-passed by a contact on relay IMF(18). 
Relays TIK(4) and KTK(4) operate if the 
class recording circuits are complete, and a cir- 
cuit is closed from ground on conductor Il 10, 
contact 4 of relay TC0(4), conductor 402, con- 
tact 3 of relay SC(12), conductor 1203, contact 5 
of relay SK(5), conductor 504, contact 2 of relay 
TIK(4), conductor 406, contact I of relay 
IMl(18), which is operated to indicate that a 
multifrequency sentier is being tested, conduc- 
tor 1801, contact 2 of relay KTK(4), conductor 
407, contact 2 of relay COK(12) to battery 
through the winding of relay SPC(12). Relay 
SPC(12) operates in this circuit and locks over 
its contact 3 fo ground on conductor 1105. With 
relay SPC(12) operated the circuit of lamp 
OCL(20) is opened, extinguishing that lamp, and 
a circuit is closed, extending as previously traced 
from ground fo conductor 504, over contact 2 of 
relay SPC(12), contact l0 of relay COK(12), con- 
ductor 1209 fo battery through lamp OC0(20). 
lelay SPC(12) closes the testing circuit for 
the trunk splittJng relays of the sender. This 
circuit extends from conductor 1415 leading fo 
sentier 1450, contact 2 of relay ME(ll), conduc- 
tor Il 18, contact 4 of relay SPC(12), contact 4 
of relay KW0(12), windings of relays SPK(12) 
and SP(12) to battery. The resistance ground 
inttially supplied by the sender fo conductor 1415 
operates relay SPK(12) and the associated 
sender relay indicating that the circuit is com- 
plete, but marginal relay SP(12) does hot op- 
erate at this rime. Relay SPK(12) af its con- 
tact I opens the circuit of lamp OSP(20), ex- 
tinguishing that lamp. At its contact 2, relay 
SPK(I2) connects ground to the winding of relay 
SPI (12) and battery, operating the latter relay. 
Relay SPI (12) completes a circuit from battery 
through the winding of relay CLC(12), contact 
2 of relay SPI(12), conductor 1210, contact 8 of 
relay SP2(4) to ground af contact 7 of relay 
SKi (4), operating relay CLC(12). 
The sender relay in operating causes the con- 
nection of ground to conductors 1412 and 1416. 
Grotmd on conductor 1412 shunts the winding of 
relay SC(12) which therefore releases. 
Relay SC(12) in releasing closes a circuit from 
battery through the winding of relay SCA(12), 
conductor 12il, contact 3 of relay SK(5), con- 
ductor 120 I, contact 2 of relay SC (12), conductor 
402, contact 4 of relay TC0(4) to ground on con- 
ductor I 110. Relay SCA(12) operates and locks 
over ifs contact 5, conductor 307, contact I of 
relay DTC(3) fo ground on conductor 1102. 
Grotmd on conductor 1410 completes a circuit 
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over contact 5 of relay SKI(4), conductor 408, 
fo battery through the winding of relay COK(12). 
Relay COK(12) operates in this circuit and locks 
over its contact 5 directly fo ground on conductor 
5 1416. At its contact I 0 relay COK('12) opens the 
circuit of lamp OC0(20) extinguishing that 
lamp. Af ifs contact 5, relay COK(12) connects 
a supplementary ground over conductor 1212 to 
the winding of relay TCN(10). At its contact 7, 
10 relay COK(12) connects ground on conductor 
il07 to conductor 1213 and thence over contact 
f of relay SP2(4) fo conductor 1400 leading fo 
the sender fo permit class registration fo take 
place in the sentier. 
15 The sender and test circuit are now awaiting 
class registration. When relay CLC(12) op- 
erates as above described, if extends conductors 
1408, 1409, 1410 and 1411 over which class indi- 
cations may be received by the sender fo equip- 
20 ment in the test circuit for producing such class 
indications. Conductor 1408 is extended over 
contact 4 of relay SKi (4), conductor 409, contact 
9 of relay SPA(12), contact 3 of relay CLC(12), 
 conductor 1214, to contact 7 of key 5BD(47). 
25 Conductor 1409 ls extended over contact 3 of 
relay SKi (4), conductor 403, contact 6 of relay 
SPA(12), contact 2 of relay CLC(12), conductor 
1215, fo contacts 7 of keys V0(46) and NV0(46). 
Conductor 1410 is extended over contact I of 
30 relay SKi (4), conductor 404, contact I of relay 
SP(12), contact 0 of relay CLC(12), conductor 
1216 to the armature of relay 0F1(38) and the 
armature of relay AC(29). Conductor 1411 fs 
extended over contact 2 of relay SKI (4), con- 
35 ductor 45, contact 7 of relay SP(12), contact 9 
of relay CLC(12), conductor 1217 fo an armature 
of relay OFI (38). 
Since key 5BD(47) has hOt been operated and 
relay OFI (38) is not operated, no circuits are 
40 closed over conductors 148 and 141 I. With key 
NV0(46) operated as above mentioned, the cir- 
cuit over conductor 1409 is further extended over 
contact 7 of key 17V0(46), conductor 4500, con- 
tact 3 of relay LTI (25), contact 4 of key ON'0 (25) 
to ground through resistance AJ(25). Since re- 
lay AC(29) has been operated as previously de- 
scribed, the circuit over conductor 1410 is ex- 
tended from conductor 115 over contact 9 of 
relay AC(29), conductor 907, contact I of relay 
CSR(25), contact  of key IT(25), contact  of 
key TC(25) to ground through resistance 
GH(25). 
Relay CLC(12) also closes a circuit from 
ground over contact 3 of relay SP(12), contact 7 
of relay CLC(12), conductor 1218 to battery 
through lamp CLC(20). At ifs contact 4, relay 
CLC(12) connects ground to conductor I19 and 
battery through the winding of relay HGK(14). 
The completion of the class registration cir- 
cuits above traced causes class registration to 
take place in the sentier, which signals the com- 
pletion of this registration bY reducing the re- 
sistance connected fo conductor 1415 so that relay 
SP('12) now operates. 
Relay SP(12) opens the circuit of lamp 
CLC(20) extinguishing that lamp as a signal 
that class registration is completed. At ifs con- 
tact 5, relay SP(12) closes an obvious circuit for 
operating relay SPB(12). In addition, relay 
SP(12) closes a simplex circuit to the winding of 
relay TCK(17) which may be traced from con- 
ductors 140 and 14 I, over contacts I and  of 
relay SKI (4), conductors 44 and 45, contacts 
 and 5 of relay SP(12), conductors 120 and 
I1, contacts 10 and 0 of relay SLK(13) conduc- 
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tors 1300 and 1301 through cable 8-2: through 
resistances KC(18) and KB(18) and thence Over 
conductor 1701 to batterythrough the windingof 
relay TCK(1OE). This circuit determines when 
the sender connects high resistance gr0und  
through ifs SL relay fo this simplex circuit-but 
does hot operate that relay. 
When- relay SPB(12) operates as above  de- 
scribed, if closes a circuit from grounded con: 
ductor 1107, over contact I of relayKW0(I2), 
contact 2 of relay SPB(12) to battery through 
the winding of relay SPA(12), oPerating that re- 
lay. In addition, relay SPB(12) cl0ses a circuit 
ïrom ground on conductor I I0S, over contact 
of relay SPB('12), conductor 1222, contact I Of 
retay sc(12), conductor 1223, contact 4 of relay 
SK(5), contact 2 of relay SGK(5), contact I of 
relay SCB(5), contact 5 oï relay SR2(.5) fo bat- 
tery through the winding of relay SCB(5). Relay 
SCB(5) operates in this circuit and closes a lock- 
ing circuit for itself which may be traced ïrom 
battery through ifs winding over contact 5 oï 
relay S1:L2(5), contact 2 of relay SCB(5), con- 
ductor 401, and thence as previously traced fo 
ground connected by the sender to conductoî 
1412, belote opening ifs operating circuit at ifs 
contact I. 
l:Lelay SPB(12) also closes a circuit from 
ground on conductor 1105, over ifs contact  7, 
conductor 1224, contact 8 of relay SGK(5) to 
battery through the winding of relay TGC(5). 
Relay TGC(5) operates and locks over ifs con- 
tact 2 to ground on conductor 110i. 
When relay SPA(12) operates as abovë de- 
scribed if connects ground over its contact 2 and 
conductor 1225 to battery through lamp SP(20) 
fo indicate that the sender bas reduced the re- 
sistance connected to conductor 1415 which 
would operate the trunk-splitting relay in con- 
nection with a service opertion. 4O 
Relay SPA(12) atso closes a circuit from 
ground on conductor 111}2,contact I of DTC3, 
conductor 307, contact 4 of relay SPA(12), con- 
ductor 1226, fo batterYthrough the winding of 
relay SP2(4). Relay SP2(4) operates in this 
circuit and locks over ifs contact 9 fo groundon 
conductor 1107. With retay SPA(12) oPerated, 
conductors 408 and 1409 are connected over con- 
tacts 4 and 3 of relay SKI (4), conductors 409 and 
403, and contacts $ and 5 of relay SPA(12) to 50 
conductors 1228 and 122 which extend to arma- 
tures of relay MTR(3OE) when they are used 
checking the muitiïrequency out-pulsing of the 
sender as wilt be described hereinafter. 
When re!ay SCB(5) operates as abòve de- 55 
scribed, if closes a circuit from ground on con- 
ductor {], over ifs contact  fo battery through. 
the winding of relay SCD(5). Ietay SCD(5) Op- 
erates in this circuit and locks over its contact 
to ground on conductor ! ! 0. 60 
lelay TGC(5) in operating, prepares cfl'cuits 
for energizing timing rlay SCT(5). Ai its con- 
tact 3 if connects battery fo one side of the upper 
winding of relay SCT(5) and at ifs contact 
connects battery to one side of thetower wirid: 6S 
ing of relay SCT(5). Ai ifs contact 5, if-connects 
the other side of the lower winding Of relay 
SCT(5) to conductor 58 and over contact- of 
key SGK(6) fo ground through resistancesGB(6) 
and GB (6). At its contact I, if connects-the 70 
other side of the upper winding of relay SCT(5) 
over conductor S{}5 to ground through-condenser 
SCT(5) and resistance GA(5). I-Iowever, direct 
ground is connected fo conductor S05 ai this rime 
over contact 6 of relay SGK(5), conduct0r 

and contact 3 of retay SPB:(Ï2) Current flow in: 
the tower winding of retay SCT(5) is in a die  
tion fo cause if fo close ifs contact 2; while current 
flow through the upper winding is in a directi:0h I 
fo cause the closure of contact I and«the current ' 
in this winding predominates. 
Relay SP2(4), when operated as-aboYe deç: 
scribed, at its contact I, disc0nnects gr0fli/ïfrb 
conductor 14 fo simulgte"the operation of"a 
trunk-splitting relay and extends 
over ifs contact 2 and conductor 40to battéry 
through the winding of relay !SG(12) fo tes for: 
the presence of false ground on the conductoç« 
At its contact 8, relay SP2 (4) 0pens the circuit of 
relay CLC(12) which releases, in turn rêleasirg  
retay HGK(14). lelay HGK(14) is slow t0 re- 
lease so that, if relay ISG(12) operatesto indi-: 
catea false ground ground connectedt0 coii. 
ductor 14 at the front contact ofrelay HGK(i) 
is extended over contact 3 of relay.!SG(!2), c0U  
ductor 1229, contact I of relay:STE(5) ' condC : 
for 508 fo battery through thelowerwinding of 
relay BLK(ll) which blocks the test as described 
hereinafter. 
T«ansmitting code designation o " sender - 
The test circuit-is now 'eady-fo start fo trïïS -" 
mit the line designati0n t0 the sender.- Whenre- - 
lay SK(5) operates if extends-the' tip and-ring-,: 
in-pu!sing conductors 1403 and'.1404 in 
to the winding of r_elay FGK(27), the branch  
from conductor i403-extendingover contact 8 Of-" 
relay SK(5), conduct0r 500 through cable 15-21, 
contact 8 of relay GL (29), conductor 290.5 through: 
network C(20), contact 2 of key LL(20), network: 
AC(2), contact 5 of key LL(20), contacts ] and'5 " 
of key TWT(20Y, upper right winding of réDéat-- 
ing coil AC(20), conductor 2001 fo battery.th]:0ugh 
the winding of retay FGK(27), whfle the branCh ' 
from conductor 1404'extends overcontact9 Of 
relay . SK(5), conductor. 501, contact:8 of kèy  
SGK(6), conductor 601 through Càbt- 18-21/c0n' 
tact  of relay DW0 (26), conductor 202,.c0naç 
9 of .relay GL(29), conductor 2906, throigh net 
work C(20), contact ] of key LL(20),.net0rl 
AC(20), contact .4 of key LL(20), contactS.2 anal 
4 of key TWT(20), lower right Winiig Of eï[': 
ing coil AC(20) fo conductor 2001 anl'bat'er: 
through the winding of relay FGK(27). 
the sender is ready fo recelVe pulses,ït onnect 
ground fo conduct0rs i0 ànïl 1404/ho]dfiïg re- 
lay FGK(27) operatèd. When relaY SP2(4) 0pi 
ates fo rèmove ground from conduct0r"ï0G, 
sender removes groundfrom conductbrs14O 
1404 permitting relay FGK(27) to relCse. 
While relay FGK(27) is 0perated,a circi i 
closed from battery through the Winding of relay 
KPC(19), conductor 900, contCt 4 of relï 
FGK(27), concluctor 2]0, fo grotmd0ver 
I of retay AC(29). lelay KPC(i9) oPeraê ilï 
this circuit and locks over its contact 12 
ductor 190! to ground ai contact5 .Of i'e!ï 
AC(29). With relays PCT(27) and FGK(2OE) 
operaed, iap FGK(27) is tighted in a CirIt 
over contact 2 ofrely FGK(27) and cot i 
of rela PcT(27). Wllen  rèiïy FGi27 re: 
leases, the previotsly-traced  circuit for 
FGK(27) is reclosed. 
When relay ACU(22) bas been operatëfi nd 
switch MFP(21) advaned fo position 2 as prevï- 
ously described, a circuit is closed from battery" 
through the winding Of retay KP(I), condctbr 
1902, contact 3 of relay ACU(22), conduci0r 220 
brush M.PP3(21) in .po6tion 2, conducto:_2101,. 
contact 2 oï relay PSF(28, condeor 2800 
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tact I of relay iVIFG(29), conductor 2900 fo 
ground at-contact 2 of relay KP5(28). lelay 
KP(19) operates in this circuit and closes a cir- 
cuit from ground over ifs contact 4, conductor 
|008, to battery through lamp KP(21) and over 
contact 3 of relay PP(22), conductor 221}2, con- 
tact 2 of relay PC3A(27) to batçery through the 
winding of relay PC8 (27). 
lelay PC8(27) operates in this circuit and 
closes a locking circuit for itself from battery 10 
through its winding and the winding of relay 
PC3A(27), contact 2 of relay PC3 (27), conductor 
2708 fo ground at contact 4 of relay AC(29). le- 
lay PC3A(27) does not operate, being shunted by 
the operating circuit of relay PC3 
The pulse generating circuits include relays 
KPI(28), KP2(2S), KP8(28) and KP4(28). 
With the test circuit normal, a charging circuit 
exists for condenser PLC(20) which may be traced 
from ground through condenser PLC(20), contact 
3 of relay SKP(20), conductor 2002, lower winding 
of relay KPI(28), contact 5 of key SKPA(28) 
to battery through resistance BQ(28) in which 
condenser PLC(20) is fully charged. With relays 
AC(29) and PC2(27) operated as above described, 
the upper winding of relay KPI (28) is included in 
a circuit from battery through resistance BQ (28), 
contact 5 of key SKPA(28), upper winding of 
relay KPI (28), contact 4 of relay PR(28), wind- 
ing of relay KP4 (28), winding of relay KP3 (28),- S0 
winding of relay KP2(28), contact 8 of relay 
PR(28), conductor 2801, resistances Air(27) 
and AT(27), contact 8 of relay PCI (27) to 
the raid-point of a voltage divider circuit 
which extends from battery through resistance 35 
B1(27), contact 8 of relayPC2(27), resistance 
AU(27), contact 5 of relay PC1(27), resistance 
AP(27), conductor 2702 to ground at contact 
2 of relay AC(20). 
Relay KPI (28) is energized in this circuit in 40 
a direction to close ifs contact 2, while relays 
KP2(28), KP3(28) and KP4(28) close their con- 
tacts 2. Ground is supplied to the armature of 
relay KPI(28) from contact 2 of relay AC(29), 
conductor 2702, contact I of relay KS(20) and 
conductor 2802. Therefore, as soon as relay 
KPI (28) closes its contact 2, ground is connected 
in shunt of battery through resista.nce BQ(28) 
and the direction of energization of the upper 
winding of relay KPI (28) and of relays KP2(28), 
KP3(28) and KP4(28) is reversed. I-Iowever, the 
lower winding of relay KPI (28) is energized by 
the discharge of condenser PLC(28) holding con- 
tact 2 closed for a measured interval, after which 
relay KPI(28) opens its contact 2 and restores 
the direction of energization of the upper wind- 
ing and of the auxiliary relays. Condense- 
PLC(20) charges through the lower winding to 
hold contact 2 open for a measured interval. 
lay KPI (28) closes and opens ifs contact 2 in 60 
this manner for a number of cycles before trans- 
mission to the sender is started. 
With switch lV£FP(21) in positions 1 to 5, 
ground is connected from brush M:FP4(21) and 
its terminals I to , conductor 2102, contact 
relay GL(29), conductor 2000, to battery through 
the winding of relay CDY(22) operating the 
latter relay. 
When relay FGK(27) releazes as above de- 
scribed, it closes a circuit from ground over con- ï0 
tact 2 of relay KP5(28), conductor 2008, contact 
I of relay lVIFG(29), conductor 2800, contact 2 
of  relay PSF(28), conductor 2101, brush 
M_FP3(21) in position 2, conductor 2201, contact 
8 of relay ACU(22), conductor 102, contact 

of relay KP(19), conductor 191}4, contact 5 of 
relay CDY(22), conductor 2208, contact 6 of re- 
lay MPS(29), contact 6 of relay GL(29), con- 
ductor 20|0, contact  of relay SPA(12), contact 
2 of relay SCA(12), conductor 1280, contact 7 of 
relay AC(29), conductor 201 I, contact 8 of relay 
FGK(27), contact 4 of relay PC3A(27), contact 
I of relay PC3(27), conductor 2704, contact 4 of 
relay KS(20), conductor 2008, winding of relay 
PLC(28) to battery through resistance BU(28). 
In order to insure that the first pulse sent out 
will be of full length, a circuit is closed in shunt 
of the winding of relay PLC(28) if relay KP4(28) 
bas ifs contact I closed, which circuit may be 
traced from ground over contact I of jack 
KP4(28), contact I of relay KP4(28), conductor 
2803, contact I of relay PC2(27), conductor 2705, 
contact I of relay PLC(28) to resistance BU(28). 
If contact I of relay KP4(28) is open or as soon 
as it does open, relay PLC(28) operates, opening 
this shunt and transferring the circuit controlled 
by relay KP4(28) over its contact 2 to the wind- 
ing of relay PCA(28), so that at the next closure 
of contact I of relay KP4(28) relay PCA(28) op- 
erates, locking over its contact 2 to ground at 
contact 8 of relay PLC(28). 
With relay PCA(28) operated the preliminary 
or key pulse signal is transmitted to the sender. 
The multifrequency current supply indicated at 
the upper left corner of Fig. 19 supplies current 
of six frequencies to conductors 101 O, 191 I, 1012, 
1914, 1011 and 1020 and ground to conductor 
102 I. Following is a table showing the frequencies 
supplied to these conductors and the combina- 
tions of these frequencies used to transmit in- 
formation to the sender. 

Signal or Digit Transmitted Conductors 
Used FrequencIes 

4 " ...................................... 

1914,1917 
1910,1911 
1910,1912 
1911,1912 
1910,1914 
1911,1914 
1912,1914 
1910,1917 
1911,1917 
1912,1917 
1912,1920 
1917,1920 

1300,1/00 
700, 900 
700 1100 
900,1100 
700,1300 
900,1300 
1100,1300 
700,1500 
900,1500 
1100,1500 
1100,1700 
1500, 1700 

It wfll be remembered that the in-pulsing con- 
ductors 1408 and 1404 of the sender were ex- 
tended through the right windings of repeating 
cofl AC(20) to the winding of relay FGK(27). 
With relays KP(19) and PCA(28) operated, as 
soon as relays KP2(28), KP8(28) and KP4(28) 
close their contacts 2, a circuit is closed from 
conductor 1012, contact I of relay KP(19), con- 
ductor 105, contact 4 of relay PCA(28), contact 
2 of jack KP2(28), contact | of jack KP2(28), 
conductor 2804, to the left windings of repeating 
coil AC(20) and from conductor |020, contact 
2 of relay KP(19), conductor 1906, contact 3 of 
relay PCA(28), contact 2 of jack KP3(28), con- 
tact 2 of relay KP8(28), contact I of jack 
KP3(28), conductor 21}04, to the left windings of 
repeating coil AC(20). Current of frequencies 
1100 cycles and 1700 cycles is therefore trans- 
mitted through the repeating coil to the sender. 
In addition, relay KP4(28) closes a circuit from 
ground over contact I of jack KP4(28), contact 
2 of relay KP4(28), contact 2 of jack KP4(28), 
contact I of relay PCA(28) to battery through the 
winding of relay KP5(28). Relay KP5(28) at 
its contact 2 opens the operating circuit of relay 
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KP(19) and at contact 4 connects ground over 
contact 4 of relay PLC(28) to conductor 904 fo 
lock relays KP(19) and PLC(28). lelay KP5(28) 
is a mercury contact relay giving an instantane- 
ous overlap between contacts 2 and 4 so that re- 5 
]ays KP(19) and PLC(28) are he]d operated. 
lelay KP (28), also closes a circuit from ground 
over its contact 3, conductor 230, contact 8 of 
relay KP(19), conductor 900, contact  of relay 
MPS(29) to conductor 292 and thence to battery 
through the lower windLug of relay ]OEFG(29) 
and to battery through the winding of magnet 
1VIFP(21). iYiagnet lYiFP(21) and relay ]FG(29) 
operate in this circuit. 
When relays KP3(28) and KP2(28) open their 
contacts 2, they terminate the key pulse signal, 
and when relay KP4(28) opens its contact 2, if 
opens the circuit of re]ay KP5(28) and the latter 
ïelay releases, in turn releasing relay KP(19), 
relay PDC(28), relay PCA(28), relay 1ViFG(29) 
and magnet MFP(21) advancing switch MP(21) 
to position 3. Pe!ay KP(19) cannot romain op 
erated since ifs operating circuit is opened, first 
atcontact I of relay l'oeG(29) and thon by the 
advance of switch MFP(21). Pelay KP(19) in 25 
releasing, extinguishes lamp KP(21) and opens 
the operating circuit of relay PC3(2/), permit- 
ring relay PC3A(2) fo operate in the previously 
traced ]ocking circuit of re]ay PC$ (27). 
lelay PC3A(2% in operating re]eases relay 30 
PC (27) and extinguishes lamp FGK(2ï). lelay 
PC (2/) in turn releases relay P(28) and relay 
PCT(2ï). With relay PC(27) released, the re- 
sistances included in the voltage divider are re- 
arranged to chaage the timing of the pulses gon- 35 
erated by relay KP (28). lelay P1(28) reverses 
the connection of relays KP2(28), KP3(28) and 
KP4(28) in the circuit of the upper winding of 
relay KP(28) to provide the desired timing of 
the subsequent puises, l:Le]ay PCT(2/) when re- 40 
leased closes a ]ink in a new operating circuit 
for relay PLC(28) but is ruade s!ow to release to 
permit the operation of the pu]sing relays to 
become stabilized under the new conditions ho- 
fore the next puise is transmitted. 45 
With switch M_FP(21) in position 3 and relays 
KP(28) and MFG(29) released, a circuit is 
cl0sed îor operating one of the relays MF(19) 
to 1VIF (2) to control the puise representing th'e 
first digit of t.he area code under the contro] of 
the area code key set ACA(7). This circuit may 
be traced from ground af contact 2 of relay 
KP(28), conductor æ0$, contacç  of relay 
MFG(29), conductor }, contact 2 of relay 
PSF(28), conductor 20, brush MFP(21) in po- 55 
sition 3, conductor 21 3, contact 3 of relay GL(29), 
conductor 30 through cable 2-3, contact 
of key 0, conductor 44 thïough cable -, 
contact $ of relay KPC(19), conductor $(}, fo 
battery through the winding of relay lYiF4(2ï), 60 
operating the latter relay. ïe!ay lYiF4 (2% closes 
a circuit from ground over its contact , con- 
ductor 2, bïush MP(2:L) in position 3, con- 
ductor 22} to battery through lamp ACA(21). 
When relay PCT(2E) completely releases, the {]5 
circuit of relay PLC(28) is c]osed, extending as 
previously traced t0 conductor 2ç}4 and thence 
over contact  of relay PC3(2), contact $ of 
relay PC3A(2), contact 2 of relay PCT(2), con- 
ductor 2(}, contact 3 of relay CDY(22), con- 70 
ductor 22 to ground at contact  of relay 
lYiFS(29). As previously mentioned, relay 
PLC(2S) does not operate until pulsing relay 
KP4(28) opens its contact . At the next clo- 
sure of contact  ofrelay KP(2S), relay PCA(28) 75 
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operates and locks under.the gontrol o re]ay 
PLC(28) and when relays KP2(28) and. KP3(28) 
close their contacts 2, with relays MF4(2/) and 
PCA(28) operated, a pulse ruade up of V00-cycle 
and 1300-cycle current is connected over con- 
ductors 9 0 and 9 , contacts  and 2 of relay 
MF4(2ï), conductors 90 and 06, contacts 
and  of relay PCA(28), contacts - of jacks 
KP2(28) and KP3(28), contacts 2 of relays 
K'P(28) and KP3(28), contacts I of jaçks 
KP2 (28) and KP3(28), conductors 28}4 and 2{}{}4- 
to the left windings of repeating coil.AC(20). 
With contact  of relar KP4(28) closed, relay 
KP(28) operates, locking relays MF4(2/) and 
PLC(28) and operating relay MFG(29) and mag. 
net MFP(21). Vhen relays KP3(28) and 
ioE2(28) open their contacts 2, the first code.. 
impulse is terminated and when relay KP4(28) 
opens its contact 2 it releases relay KP(28). in 
turn releasing relays lVIF (2), PLC(28), PCA.(28) 
and MFG(29) and magnet MFP(21) advancing. 
switch MFP(21) to position 4. 
In a similar malmer relays MF0(19). and 
MF3(2V) are operated under the control of area 
code keys } and 0fl, the corïesponding mu]ti- 
frequency pulses are transmitted and switch 
hIFP(21) is advanced fo positions 5 and 6. When, 
in testing a sender of the present type, an. area. 
code is set up on the key-set and relay AOC(16) 
is operated, a circuit is closed from ground at. 
contact  of relay ONI(30), conductor 300 
through cables 3- and --24, contact 3 of relay 
ACC(16), conductor 05 through cables 
and 3}-32, winding of relay D0(47) to battery. 
lelay D8(4ï) operates in this circuit. This 
circuit is shown with optional wiring since it is 
hot required by certain other types of sonder.. 
In position 6, with relay D00(4/) operated, ..a 
circuit is closed from ground over brush 
MP(21), conductor 2fl4 through cables 
and 3-4, contact 3 of key 2DTX(4/), .contact 
3 of relay D08(4/), conductor 400, through cable 
2-, contact  of key TlL(25), conductor.!, 
through cab]e 2-4, contact  of key UXD(55), 
conductor 8, to battery through the windlng 
of relay MKS (4). 
lelay MKS(4) operates in this circuit, locks 
over its contact 4 and conductor to ground at 
contact  of relay MCK(4ï), and starts the 
marker engaged and marker check test. As soon 
as this type of sonder bas received three digitS,. " 
it calls in a marker and transmits these code dig- 
its fo the marker along with the trunk class in- 
formation. In doing so, transmitting circuits 
connecting the sonder and marker are at first. 
all connected to ground either by th registration- 
set up in the sonder or by checking ground suP- 
plied by the marker. Conductors 4 to 404 and 
0  to 4(} are connected to all marker circuits 
of the type used with the present type of sonder. 
When the sonder has been connected to the 
marker, ground is connected to either conductor 
40 or conductor (}2 and to conductors §0, - 
4103, 404, 4TOI, 4"/02 and 4r04 operating relays. 
V0(46) or NV0(46), TR(45), LIT(45)', TX(.6),. 
LOC(47), BD(47) and PF(47) as well as 
checking conductors 0, 4{}6 and 4fl. Ground 
on conductor 40ï lights lamp ME(35). Ground 
on conductor 41}$ operates re]ay CK(35) and 
ground on conductor  0  operates relay CE2 (35). 
lelay CK (35) ]ocks over ifs contact  and con- 
tact 5 of relay CK3(35) to ground on conductor 
409. Relay CK(35) locks over its. contact. 
and contact. 2 of relay CK3(35).ta ground::0n 
conductor 
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With feIays K1(35) and CK2(35) operated, 
a circuit is closed from battm through the wind- 
ing of relay SRM(35), contact 4 of relay CK (35), 
contact 4 of relay CK2(35), conductor 3500 fo 
ground at contact 4 of relay MCK(47). Re- 
lay SRM(35) operates in this circuit and locks 
over its contact 3 and contacts 5 of relays 
CK(35) and CK2(35) in paralle] to ground on 
conductor 3500. 
As soon as relay MCK(47) operated, a circuit 
was closed from ground at contact 2 of relay 
MCK(47), conductor 470, contact 5 of relay 
LBE(47), conductor 47L contacts ! of relays 
CK(35) and CK2(35) fo battery through the 
winding of relay TBK(35) operatinE the latter 
relay. When relays CK(35) and CK2(35) op- 
erate as above described, they open the circuit 
of relay TBK(35), but that relay is slow fo re- 
lease and maintains its contact . closed for an 
interval. As soon as relay S1M(35) operates, 
it closes a circuit from ground over its contact 4, 
conductor 35{), contact  of key CD(26), con- 
ductor 2603, contact 2 of relay TBK(35), conduc- 
tor 3502, through cable  -35 to battery through 
the winding of relay ME(ll). With relay 
ME(ll) operated, a circuit is closed to check 
that the registration transfer circuits are intact 
as indicated by the operation of relays TR2 (45), 
etc., which may be traced from ground on con- 
ductor 350, contact 4 of relay PF(47), contact 
6 of relay 5BD(47), contact 6 of relay LOC(47), 
conductor 472, contact 6 of relay TX(46), con- 
tact 6 of relay LIT(46), contact 6 of either re- 
lay V0(46) or relay NV0(46), conducter 460, 
contact 5 of relay TR(45), conducter 4505 
through cable -35, contact  of relay ME(ll), 
conductor 9 through cable -35 to battery 
through the winding of relay CK3(35). 
Relay CK3(35) operates and locks over its con- 
tact , conducter 3507, contact 4 of relay PS(26), 
conductor 264, contact 6 of relay MCA(35) to 
ground supplied to checkinE conductor 4707 by 
the marker connector. Af its contact 3, relay 
CK3(35) opens the lockinE circuit of relay 
CK2(35) and at its contact 5 opens the lockinE 
circuit of relay CK(35). In addition, relay 
CK3(35) closes a circuit from battery through 
the winding of relay MC(35), contact 4 of relay 
MCA(35), contact  of relay CK3(35), conduc- 
toi" 479 to Eround at contact  of relay MCK(47). 
Relay MC(35) closes a lockinE circuit for itself 
from battery throuEh its windinE, winding of 
relay MCA(35), contact 4 of relay MC(35) to 
round on conductor 4709. Relay MCA(35) does 
hot operate in this lockin circuit, bein shunted 
by the operatinE circuit for relay MC(35). 
If all of the registration circuits above men- 
tioned are also complote in the marker, the 
marker responds by disconnectin round from 
conductors 4705 and 4706 so that, with re]ay 
CK3(35) operated, relays CKI(35) and CK2(35) 
release. 
When relay TBK(35) releases after an inter- 
val, if relays CK[(35) and CK3(35) have hot re- 
leased, a circuit is closed from ground at con- 
tact 4 of relay MCK(47), conducter 3500, over 
contact 5 of either relay CK2(35) or CK[(35) 
or both, contact  of relay TBK(35), conductor 
3503 to battery throuh the windin of relay 
LBE(47) to block the test. 
Assuming that relays CK(35) and CK2(35) 
release as they shouid, they open the operating 
and locking circuits for relay SRM(35) which re- 
leases slowly to allow time for sonder release in 
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case of trouble or "for out-trunk cass çeistra- 
tion to take place. 
When relay ME(ll) operates as above de- 
scribed, it transfers the circuit of relays SP(12) 
 and SPK(lP,) from conductor 145 leading to the 
sonder fo round throuh resistance GC(ll). 
This opens the circuit of the spIitting relay of 
the sender but that relay should be held operated 
under the control of the marker. If the split- 
I0 ring relay is hot held operated the sonder releases 
and bIocks the operation of the test circuit. 
Assuming that the sonder is held, the release 
of relay SRM(35) closes a circuit from cround at 
contact  of relay MCK(47), conductor 4709, con- 
15 tact 3 of relay CK3(35), contact  of relay 
SRM(35), contact  of relay CKI (35), contact  
of relay CK(35), conductor 3504 to battery 
 throuh the windin of relay LU(45). Relay 
LU(45) in operating supplies locking Eround for 
20 the registration relays of Fis. 45, 46 and 47. 
When th marker removed ground from con- 
ductors 4706 and 4705 it also removed ground 
from conductors 4500 to 4504 and 470 to 4703, 
but under the assumed conditions, the sonder 
5 maintains round on conductor 4502. Therefore, 
relay NV0(46) is held operated, whfle the re- 
maining relays TR2(45), etc., release. Relay) 
NV0(46) locks in a circuit from battery through 
its upper windin, over its contact 3 and conduc- 
 0 tor 460 to ground af contact 6 of relay LU(45). 
Conductor 474 should be grounded if the 
sonder under test is located on an even-numbered 
frame and shouid hot be grounded if the sonder 
under test is on an odd-numbered frame. Since 
3 the testing circuit is testin a sonder on the flrst 
or No. 0 frame, conductor 4704 shouid be ground- 
ed, relay PF(47) operated and locked over its 
contact 3 and conductor 473 to ground at con- 
tact 6 of relay LU(45). 
40 Relay LU(45) closes two circuits for checking 
that the relays locked operated correspond to the 
conditions set up on the keys. One of these cir- 
cuits operates relay LBE(47) in the case of a mis- 
match. For example, suppose relay V0(46) is 
4, falsely operated with key V0(46) normal. A cir- 
cuit would be closed from ground on conductor 
409, over contact  ! of relay LU(45), conducter 
4506, contact 4 of relay V0(46), contact 5 of key 
V0(46), conductor 4603, contact 3 of relay 
50 MKS(47) to battery throuh the lower winding 
of relay LBE(47). Similarly, ff relay NV0(46) 
had failed to lock up, with key NV0(46) operated, 
as has been assumed, ground connected fo con- 
ductor 4506 as above traced wouid xtend over 
55 contact 5 of relay NV0(16) and contact 6 of key 
NV0(46) to conducter 4603 to operate relay 
LBE(47). 
Assuming that the operation of the registra- 
tion reIays bas been correct, the second check- 
60 ing circuit closed by relay LU(45) may be traced 
frein round on conduc'tor 4709, contact 12 of 
relay LU(45), conductor 4507, contact 5 of relay 
MKS(47), conductor 4714 through cable 1-47, 
brush SS4 (1) in position 1, conductor 07 through 
6 cable 1-47, contact 2 of relay PF(47), contact I 
of relay R0(47), contact I of relay STIP(47), 
contact ! of relay 5BD(47), contact 2 of key 
5BD(47), contact I of relay LOC(47), contact 2 
of key LOC(47), conductor 4715, contact I of relay 
O TX(46), contact 2 of key TX(46), contact I of 
relay LIT(46), contact 2 of key LIT(46), con- 
tact 2 of relay NV0(46), contact 3 of ky NV0(46), 
contact I of relay V0 (46), contact 2 of key V0 (46), 
conductor 454, contact I of relay TR2(45), con- 
 tact I of key TR (45), conductor 45$ through 



cble 25-45, contact 4 of-key TRL(25), con- 
ductor 2502 fo battery through the winding oï 
relay MKC (17). 
If may be noted, in tracing this circuit, that 
in the case oï a mismatch, the lamp correspond- 5 
ing fo the registrtion failure is lighted. For ex- 
ample, if relay NV0(46) had failed fo lock, this 
circuit would extend as above traced to the upper 
armature oï relay NV0(46) and over contact ! 
of that relay and contact I oï the operated key 10 
NV0(46) fo battery through lamp NV0(46). 
Tes$ o] $unk cIosure clela/ $iming 
With relay MKC(17) operated a test is ruade 
oï the trunk closure delay timing oï the sender. 
The duration oï the trunk closure delay is deter- 
mined by class inïormation transmitted ïrom the 
márker fo the sender. The timing operation in 
the sender is initiated by closing a circuit from 
ground over contact $ of relay TDS(17), contact 
2 of relay MKC(17) fo conductor 1705 leading fo 
the marker and thnce to the sender to simulate 
the trunk selected signal normally transmitted by 
the marker. A branch of this circuit extends fo 
battery through the winding of relay LMK(17) 5 
which operates and locks over ifs contact 2, con- 
ductor 1700 through cable 0-2L contact ! of 
relay SLK(3), to ground on conductr ! 
Relay MKC(17) also closes a circuit from 
ground on conductor !08, contact $ of relay 30 
iVIKC(17), fo conductor ,707 leading fo the 
marker and thence to the sender to simulate the 
release signal which the marker normally trans- 
mits fo th sender when if is ready fo be released. 
The sender releases the marker in response to 35 
this latter signal, causing the removal of ground 
from conductor 40, releasing relay CK3(35) 
which opens the operating circuit of relay 
MC(35), permitting relay MCA(35) to operate. 
When the marker is released, relay M.(ll) re- .40 
leases restoring the connection of relays SP(12) 
and SPK(12) fo conductor 
Relay LMK(17) initiates the timing operation 
in the test circuit by disconnecting ground from 
condenser TDT(17) and resfstance AB(17). Con- 
denser TDT(17) now charges in the circuit pre- 
viously traced through the lower winding of relay 
TDT(17) continuing the energization of that 
winding, in a direction fo hold contact ! closed, 
for a measured interva!. With switch TCD(17) in 50 
position 1 fo which if was advanced as previousiy 
described, the armature of relay TDT(17) is con- 
nected over brush TCD2(17) in position 1, con- 
tact 5 oï relay DF2(17), ,contact 5 of relay 
DF| (17), contact 0 of relay TDK(17), conductor 55 
 to ground at contact  of relay BLOEç(11). 
When the charging current dies down, the cur- 
rent in the upper winding oï relay TDT(I) 
causes the closure of contact 2, connecting ground 
in shunt oï battery through resistance BB(17), 
reversing the direction oï energization of relay 
TDT(I) and closing a circuit for discharging 
condenser TDT(17). The discharge current en- 
ergizes the lower winding oî relay TDT(17) in 
a direction to hold contact 2 closed. When this 
current dies down the current in the upper wind- 
ing causes the opening oï contact 2 and the 
closure of contact , whereupon the operations 
are repeated.. Relay TDA(17 whose winding is 
included in the circuit of the upper winding oï re- 7O 
lay TDT(I) is polarized to close its contact 2 at 
the saine rime that relay TDT(17) closes iïs con- 
tact 2. Af each closure oï contact 2 of ïelay 
TDT(17) a circuit is closed from ground over that 
contact, contact  of relay TDS(17) to battery 75 

through the w-inding of magnet STEP(17)oper- 
tingthat magnet anal at each opening of that 
cëoEtact magnet STEP(17) releases fo advanCe 
switch TCD(17.) one step. 
Until the Cder has completed trunk clbsure 
delay timing if connects battery to conductors 
! 4 !  and ! 4 ! , and fo the circuit previously trced 
for relay TCK(17). At the end of timing, -the 
sender connects ground fo fhis Circuit, operting 
relay TCK(17). 
Swi.tch TCD(17) ïn combination With-»keys 
}TD25), TD(25) , 5TD(25) and 7TD(25). Sts.up 
chcking circuits which check that the de]aY 
méasured bythe sender is right, within Cërain 
lirnis. When relay TCK(I)0perates to mrk 
theend of the ¢lelay, a Circuit is closed 
gïound over Coi]tact 2 of relay TCK(17), con- 
ductor }3, Ctact  of relay PIS(4), .con- 
dUctor 400,. contact 2 ofrelay UXD(44), .c0iduc- 
for , contact 2 of key XDD(43), condïict0r 
0! tokey :TD25) and thence fo one othe 
brusnes TCD(I) to TCD(17) of sWitch 
TCD(I) in accordance with the keyoperatèd. 
Since if has been assumed that key 5TD(25) is 
operated the circuit closed by relay TCK(I?) 
extends over contact 2 of key eTD(25), contact 
 of key TD(25), contact 2 of key TD(25), 
ductor 25}$ to brush TCD(17). The ter'minais 
of brush .TCDS(17) in .positions 2 fo ô .are Con- 
nected to the winding of relay DF! (17), thàt: in 
position 8 is connected to contact 2 and the wi-nd- 
ing of relay TDK(17) and those in positions 9  fo 
12 are connected to the winding of relay DF2(17). 
Therefore, if relay TCK(I) is operated 'oo 
soon, relay DF! (17) wiI1 be operated if opbratëd 
at the proper rime, relay TDK(17) is opèrated 
and if operated too late, relay DF (1) wfll oper- 
are. The operation Of any 0ne of these relays Or 
the adYance of switch TCD(17) fo .position 12 
disconneCts ground from the armature of relay 
TDT(17) and stops the timing. 
If either relay DF|(17) or relay DF2(l7) is 
operated to indicate an incorrect timing opera- 
tion, the 0perated relay locks to conductr 70, 
lights the corresponding lamp, and connects con- 
ductor e4 to conductor 3! to close .a circuit 
for operating relay BLK(11) to block the test. 
Assuming that the sender operates correctly 
and that, therefore, relay TDK(I) operates, that 
relay locks over ifs contact 3 to conductor 
and opens the circuit of relay DF(17). Relay 
TDK(17) also closes a circuit from ground 
plied fo conductor î. by the multifrequency 
receiving circuit, contact  of key/MFl(25),.Con- 
ductor 2)5, contact 4 of relay TDK17), con- 
tact  of relay DF(lï), contact  Of relay 
DFî-(17), conductor ]e, contact  of key 
,AN(25), contact  of key MFR(25), conductor 
2}S, to Fig. 37 whm'e if is used during the Check- 
ing of the pulses sent out by the sender. 
lelay TDK(I) also closes a circuit from 
ground on conductor [7. over its contact 5, con- 
ductor 09, .contact 2 of relay MC(35), conduc- 
tor $5, contact  of relay D}8(47), conductor 
2[ through cables 33-g and 2 -3 and thence 
as previously traced to the winding of relay 
CDY (22), operating the latter relay. 
With relay CDY(22) operated, the operation of 
the pulsing circuit for transmitting the office code 
digits is similar to that for transmitting the area 
code digits, relays MF(2), MF5(27) and 
MF (19) being operated under the control Of the 
office code keys581, 52 and 83, and switch 
MPF(21) being advanced to positions 7, 8 and 9 
dn the mannèr previously described. 
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The remaining digits are transmitted fo the 
sonder in the manner previously described, 
switch IVIFP(21) advancing through positions 9 
to 12 during the transmission of the thousands, 
hundreds, tons and units numerical digits. 
LamPs OCA(21) to U(21) are lighted over brush 
MFP6(21) in the corresponding positions. When 
switch MFP(21) advances to position 13, corre- 
sponding to the stations digit, since no key has 
been operated in the key-set STA(23), a circuit 
is closed from ground af contact 6 of relay 
MFS(29), conductor 290, brush lY£FP2(21) in 
position 13, conductor 3130 through cable 2 I-3, 
contact 3 of relay U(24), contact ! of relay 
STA(24), conductor 2403 through cables 6-24 
and 30-3, contact e of relay NIFA(26), conductor 
2608 through cable 6-22, contact 4 of relay 
MPS(29), conductor 2914, contact 3 of relay 
MICA(26), contact ! o.f key W0(26), contact ./ 
of key PS(26), contact ./ of relay MICA(26), con- 
ductor 2606, contact 3 of key CST(29), conductor 
298 to battery through the winding of relay 
STC(19). Relay STC(19) connects the start 
combination of frequencies to the pulsing circuit 
and lights lamp ST(21). With relay STC(19) 
operated, the operation of relay KP8(28) op- 
erates magnet DIFP(21) to advance switch 
DIFP(21) and relay li_FG(29) as previously de- 
scribed. When relay li_FG(29) operates a circuit 
is closed from battery through the winding of 
relay EMF(29), conductor 2916, contact 4 of relay 
STC(19), conductor 922 to ground at contact 
4 of relay 1VfFG(29). Relay E1VIF(29) operates 
in this circuit and locks over its contact 3 to 
ground on conductor 90. It may be noted 
that, if a stations digit is set up and sent out so 
that switch MFP(21) advances to position 14, 
no start signal is sent out and relay EMF(29) is 
operated over brush lY£FP (21) in that position. 
When relay KP8(28) releases, relay STC(19) 
also releases and a circuit is closed from ground 
on conductor 90, contact 8 of relay EMF(29), 
conductor 29/6, contact 3 of relay STC(19), 
conductor 1923, contact 2 of relay EMF(29), 
conductor 29./ through resistance AV(20) to 
condenser PLC(20) in shunt of the lower wind- 
ing of relay KP! (29) to stop the pulsing opera- 
tion. At its contact 4, relay EMF(29) extends 
lts locking ground over contact 4 of key CST(29), 
conductor 296, contact 4 of key T0(26), con- 
ductor 260./ to battery through the winding of 
relay RLK(ll). Relay RJ_(ll) operates to in- 
dicate that the in-pulsing to the sonder bas been 
completed and locks over its contact 2 to ground 
 on conductor !06. 
The connection of ground to conductor 709 
by relay TDK(17) also complotes a circuit over 
contact 8 and through the winding of relay 
SLK(13) to battery. Relay SLK(13) locks over 
its contact 6 to grounded conductor 108 and 
Initiates the test of the SL relaY of the sonder. 
When the sonder is set to send out multifrequency 
puises, the high resistance winding of relay SL 
is connected to conductors !4 0 and 4  ! to test 
when the distant trunk is ready for puising, im- 
mediately after the end of the trunk closure delay 
timing. 
Relay SLK(13) at its contact ! opens the lock- 
ing circuit for relay LMK(17) and that relay 
releases, connecting ground on conductor I./0g 
over its contact ! to resistance AB(17) and con- 
denser TDT(17) to cause the relay TDT(17) to 
hold its ineffective contact ! closed. At its con- 
tacts l0 and 8, relay SLK(13) discormects con- 
ductors 14il} and 141! from relav TCK(17) and 
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at contacts 9 and ./connects them to the windings 
of relays KT(13) and KR(13). 
If the sonder bas failed to operate relay 
ISG(12) as previously described, the operation 
5 of relay SLK(13) closes a circuit from ground 
over its contact 4, conductor 302, contact ! of 
relay ISG(12) to battery through lamp HG(12) 
and a circuit from grounded conductor ! 0./ over 
contact 4of key SGK(6), conductor 602, con- 
10 tact I! of relay SLK(13), conductor 303, con- 
tact ! of relay SCD(5), conductor 809, contact 
4 of relay ISG(12), conductor 229, contact ! 
of relay STE(5), to conductor 808 to operate 
relay BLK(ll) and block the test. 
15 When relay lYIC(35) operated as previously 
described, a circuit was closed ïrom ground, con- 
tact 8 of relay MC(35), conductor 3806 through 
cable 19-34, contact I of relay MAN(ll), con- 
ductor l l2G, contact  of key MFR(25), con- 
20 ductor 250"/ through cable 18-21, contact 4 of 
relay lVIFT(13) to battery through the winding 
of relay HPT(13). With relay HPT(13) op- 
erated, the windings of relays KT(13) and 
KR(13) are connected over conductor 13G4, con- 
25 tact 4 of relay HPT(13), conductor 131, contact 
8 of relay KTR(13) and conductor 1306 to bat- 
tory through resistance BD(6). 
The connection of conductors 1410 and !41 I to 
battery through the windings of relays KT(13) 
30 and KR(13) causes the SL relay of the sonder to 
operate but does not operate relays KT(13) and 
KR(13) in series with the high resistance wind- 
ing oï the SL relay. As a result of the operation 
of the SL relay of the sender, ground through the 
35 low resistance winding of the SL relay is con- 
nected in parallel with the high resistance wind- 
ing, operating relays KT(13) and KR(13). With 
relays KT(13) and K1(13) operated a circuit 
is closed from ground on conductor !  09, contact 
_40 ! of relay BLKI(ll), conductor 2903 through 
cable 19-34, contact ! of relay TCD(43), con- 
ductor 4{}2 through cable 10-34 contact of relay 
KT(13, contact of relay KR(13), conductor 
307, contact  of relay ROL(6), conductor 803, 
45 contact 8 of key GT0(14), conductor 48 to 
battery through the winding of relay KTl(13). 
Relay KTR(13) operates in this circuit and 
locks over its contact 6 to ground on conductor 
! 106. At its contact ! it closes an obvious circuit 
50 for operating relay lYIF'r(13). 2t its contact 
8, it disconnects the windings of relay KT(13) 
and KR(13) from battery through resistance 
BD(6) and connects them over its contact 4, 
high resistance OFH(13), contact 3 of relay 
55 I-IPT(13) ; contact 8 of relay 1VIFT(13), conductor 
280 through cable 16-21, contact 9 of key 
MFR(25), conductor 20, contact  of relay 
MAN(ll), conductor 3808 through cable 19-34 to ground at contact 8 of relay lYIC(35). 
C0 Between the opening of contact 8 oï relay 
KTI(13) and the closure of contact 8 of relay 
MFT(13) there is a sllght opening in the ch'cuit 
of the SL relay of the sender, which should be 
,c,. 5 covered in the sender. The closure of ground 
to the circuit of the sender SL relay is a "stop" 
signal and no pulses should be sent out. If the 
opening of the circuit is not covered, the sender 
would start to puise-out prematurely. 
70 Relay lYIFT (13) closes a circuit from ground 
on conductor 08, contact 4 of relay LBA(13), 
contact ! of relay  (13), conductor 308, 
contact 9 of relay lYIFl(37) to battery through 
the winding of relay PKL(37) in anticipation of 
7 the check of the first digit to be out-pulsed. At 



.29 
.ifs_contact 4, reiay MFT (13) opens.the circuit 
of.-relay HPT(13) which, releases :slowly. 
Relay PKL(37) when operated, closes acircuit 
-from ground over contact ! of .retay M.F1(37), 
 contact 4 of relay PKL(3) conductor $72, con- 5 
tact S of relay LBD(36) to battery through the 
winding of relay CF(36). Relay CF(3ô) operates 
and complotes the establishment of the out- 
pulsing circuit from the sonder to the. multifre- 
quency pulsing receiving circuit. This circuit i0 
may be traced from the sonder over conductors 
141{} and J4! , contacts I and 2 of relay SKI (4), 
conductors 4g and 405, contacte 2 and 0 of relay 
SP(12), conductors J22 and 12, contacts  
 and  of relay MT1%(37); conductors 3B3 and 
$B4, contacts 3 and ! of relay CF(3û), conduc- 
tors'415 and 4 to the receiving circuit. Af 
the saine-rime the other pair of outgoing con- 
ductors 141]8 and J4BO, which, are extended over 
contacts g and  of relay SKI(4), conductors 
gB and 4, contacts 8 and 5 of relay SPA(12) fo 
conductors  and 8, are connected together 
over contact 4 of relay MT1%(37), conductor , 
contact  of relay CF(36), resistance AB(36), 
conductor 6BB and contact  of relay MTR(37). 15 
Whenever an incoming signal appears af the 
receiving circuit, ground is connected to con- 
ductor gl, operating relay Q(37). If the sonder 
starts fo out-puise prematurely, that is, belote 
relay HPT(13) releases, a circuit wouid be closed 
from ground af contact 2 ofrelay MER(37), con- 
tact  of relay Q(37), conductor 37ê, contact 
 of relay MFT(13), contact  oï relay HPT(13) 
to battery through the winding of relay LBA(13). 
Relay LBA(13), if operated, lights lamp OFF(13), 
locks to ground on conductor lç5 and extends 
ground from conductor ! S over its contact ! fo 
conductor-Sfl, over contact I of relay SKç(ll) 
and conductor S fo battery through the lower 
winding of relay BLK(ll) fo block the test. 
When relay HPT(13) releases it disconnects 
ground from the windings of relays KT(13) and 
K1%(13) to terminate the "stop" signal and per- 
mit the sonder fo start sending out the registered 
designation. 45 
Pelay PI<L(37) a]so closes a circuit from 
ground af contact ! of relay ME1%(37), contact 
3 of relay PKL(37), contact ! of relay KG(37), 
winding of relay PK(3), conductor S??, and 
in parallel fo battery through four parallel cir- 50 
cuits, that is, through rectifier K(36) and resist- 
ance BF(3û), through rectifier H(3û) and 
sistance BE(36), through rectifier PKç(S6) and 
resistnce BD(36) and through rectifier PKI(36) 
and resistance BC(3û). To each of these parallel 
circuits a branch circuit is connected at the point 
between the rectifier and the resistance, which 
circuits are later connected fo ground as will 
be described. Relay PK(3) is so adjusted that 
if any one of these branch circuits is open, relay 60 
PK(37) will operate. Assuming that relay 
PK(37) operates, if locks over ifs contact 4 to 
ground af contact 2 of relay MER(37). l%elay 
PK(37) closes a circuit from groundon contact 
- of relay MER(37), contact S of relay PK(37), 65 
contact ! of relay Q(37) to battery through the 
winding of relay KG(37). Relay KG(37) oper- 
ates and locks over its contact S and contact S 
of relay PK(37) to ground ai contact 2 of relay 
Mt1%(37) and connects its locking ground over 70 
ifs contact , contacts ! and  of relay MKG(37), 
conductor 37, contacts 2 of relays ST?(36) and 
ST0(36),conductor S{}J, contact  of relay 
PKL(37) fo conductor S to çermit the channel 
 relays of :the receiving circuit fo operate. 
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W_hen:..the: sonder sends out :the preliminary 
or KP signal flï causes:the:multifrequency_pulsing 
receiving circuit fo prepare to:receivi .the :line 
designation. 
When relay BAT(36) operates if connectsbat- 
tory over ifscontact , over contact S of:jack 
GA(36). fo the left sides of the windings of:relay 
T0(36). The right side "of the lover winding 
of relay T0(36), is:connected over contact 2 Of 
jack GA(36) through resistance GA(36)to 
ground. The right side of the upper winding 
of relay T}(36) is connected over contact ! of 
jack GA(36) fo ground through condenser T8.(36) 
and in shunt thereof through resistance AC(36), 
contact  of relay ST?(36), contact 5of relay 
ST(36) fo conductor 8 to which ground 
is normally connected by the receiving clrcuit. 
Relay T8(36) is energized by thesecircuitsto 
hold ifs contact ! closed. 
When the key pulsing signal is received by the 
receiving circuit, ground is diseonnected from 
conductor 48 and connected fo conductor 
operating relay Q(37) and removing the shunt 
ïrom condenser T0(36). Condenser : TS(3û) 
charges through the lower windlng of relay 
TO(3û) and holds contact ! of that retay' closed 
for a measured interval to test whether the key 
pulsing signal is of proper length. 
Relay BAT(36) also closes a circuit from bat- 
tory over its contact 4 through resistance AA(36) 
fo ground through the winding of relay LBD(36), 
but the winding of relay LBD(36) is normally 
shunted over contact  of relay LBD(36), contact 
. of jack GA(36), contact ! of relay T0(36) fo 
ground on conductor 89 to which ground is 
connected unless a signal  of other than two fre- 
quencies is received. If the key pulsing signal is 
of insufficient length, relay T0(36) will operate 
and open this shunt permitting relay LBD(36) 
to operate, release relay CF(36), operate retay 
LMP(48) and connect ground fo conductor 
fo operate relay BLK(ll). 
If the signal is of proper length the test circuit 
awaits the digits of the designation. As each 
digit is received by the receiving circuit, .two of 
the code conductors 4S0 fo 4S are grounded, 
conductor S being used only for the start sig- 
nal. Conductor  is grounded at all rimes 
unless a signal of more or less than-two frequen- 
cies is received; conductor 4J is grounded by 
the test circuit to permit the channel .relays of 
the received circuit to operate; conductor $ is 
normally grounded but is opened whenever a 
signal is present; conductor $ is normally 
open but is grounded when a signal is received 
and conductor 5}4 which is extended fo con- 
ductor S0$ is grounded when a two-frequency 
signal is received. 
Since the first digit fo be sent out is the are 
code hundreds digit 4, conductors 4{}{} and 
should be grounded. Ground on conductor 
extending over conductor S$ through cable 
S-4, contact 4 of key ?00, conductor?, con- 
tact 2 of relay NSK(32), conductor 2 ! through 
cable S-, brush MFKS(48) in positioi 2, con- 
ductor Sç, contact 2 of relay ST(36), fo battery 
through resistance BD(36). Ground on con- 
ductor {} extends over conductor 4 through 
cable-S-8, contact S of key {}, conductor , 
contact ! of relay NSK(32), conductor 
through cable S-4S, brush MFK4(48), conductor 
@ , contact ! of retay ST(36) fo battery through 
resistance BC(36). Ground on conductor 
extends over contact  of relay PKL(3),:con - 
ductor $$ fo battery:through resistanceBE(36)  
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Ground on conductor 4819 extends over contact 
8 of re]ay NIFR(37), conductor 37|0 fo battery 
through resistance BF(37). 
With ground connected in shunt oî all of the 
battery supp]ies fo re]ay PK(37) that re]ay re- 
]eases. The rectifiers in the battery supply cir- 
cuit prevent ground on less than ail of the branch 
circuits from re]easing re]ay PK(37). There- 
fore, the re]ease of relay PK(37) indicates that 
for each multifrequency puise, two frequencies 
are sent out, that the two frequencies check with 
the digit set up on the key-set and that no more 
than two frequencies have been sent out. The 
removal of ground from conductor 4816 tests for 
the length of the pu]se by means of re]ay T(}(36) 
as previous]y described. Re]ay PK(37) in releas- 
ing opens the locking circuit of re]aF KG(37) 
causing that re]ay fo re]ease. 
When re]ay PE(37) operated as previously de- 
scribed, if closed a circuit from ground over con- 
tact 2 of re]ay 1VIFR(37), contact 3 of re]ay 
PK(37), contact 6 of re]ay PMl(37), contact {} 
of re]ay MFR(37), conductor 4822 fo battery 
through the winding of magnet 1VIFK(43), and 
over the back contact of magnet 1VIFK(48), con- 
ductor 4523 to battery through the winding 
of relay MKG(37). Magnet MPK(48) and 
MKG(37) operate in this circuit, but as soon as 
magnet 1VIFK(48) opens ifs contact, relay 
MKG(37) releases. 
When relay PK(37) releases, fo indicate that 
a correct puise bas been received, if in turn re- 
]eases magnet MFK(48) fo advance switch 
1VIFK(48) into position fo check the net digit. 
With re]ay PK(37) released, ground is connected 
over contact 2 of re]ay 1VIFR(37), contact 2 of 
relay PK(37), conductor 372, contact 4 of jack 
GA(36), contact 2 of delay LBD(36) fo res]stance 
AA(36) in shunt of the winding of relay LBD(36) 
to prevent ifs operation after the reception of a 
correct digit. If relay PK(37) should fai] fo re- 
]ease, the operation of re]ay T0 (36) would permit 
relay LBD(36) fo operate and block the test. 
Af the end of the puise, ground is removed 
from code conductors 430@ and 4504, and from 
conductors 467 and 2@6. lemoval of ground 
from conductors 80@, 430 and 25{}6 permits 
re]ay PK(37) to reoperate, wh]le remova] of 
ground from conductor 487 causes re]ay Q(37) 
to re]ease. With re]ay PK(37) operated and 
relay Q(37) re]eased, re]ay KG(37) operates and 
locks and magnet 1VIFE:(48) is operated. The 
test circuit now awaits the next digit. 
The remaining digits are received and checkeçt 
n a manner simi]ar fo that described, switch 
MFK(48) advancing as each digit is checked. 
When switch 1VIFK(48) is advanced fo position 
ll, since no stations digit key has been operate. 
a circuit is closed from ground over contact  
of re]ay 1VIFR(37), conductor 373, brush 
MFK2(48) in position ll, conductor 2360, 
through cab]e 3-43, contact 3 of re]ay STA(24), 
conductor 404, through cables 624 and 30-32, 
contact $ of key MFR(25), conductor 298, con- 
tact 2 of re]ay PMl(37), conductor 374 fo bat- 
tery through the winding of relay ST(36). 
lelay ST(36) ai contacts  and 2 opens the 
checking circuits over brushes MFK4(48) and 
MFKS(48) and ai contacts 6 and 3 connects the 
windings of relays ,ST7 (36) and STI0(36) fo con- 
ductors 4807 and 4839 wh]ch should be grounded 
by the start signal from the sender. 
When the start pu]se is received, relays 
ST](36) and ST$0(36) operate and lock over 
their contacts 3 to ground on conductor 3708. 
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With relays ST1(36) and STI0(36) operated 
ground is removed from conductor 4816. Ground 
on conductor 308 is extended over contact 6 of 
re]ay ST9(36), contact 5 oï re]ay ST(36) and 
res]stance AC(36) fo condenser T0(3G fo prevent 
the operation of re]ay T0(36). 
Af the end of the start puise, when ground 
is reconnected to conductor 4816 a circuit is 
c]osed from that ground over contact 4 of relay 
, STI0(36), contact 4 of re]ay ST(36), conductor 
3502 through cab]e 8-2, contact 6 of re]ay 
SP2(4), conductor 41 fo battery through the 
winding of re]ay SK2 (11). 
The sender is now ready to cause the trunk 
!5 circuit fo establish the talking circuit after wh]ch 
the sonder releases. 
It will be remembered that relay lLK(11) was 
operated af the complet]on of pulsing into the 
sender, le]ay SK2(11) has now been operated 
20 af the complet]on of pulsing out by the sender. 
In the sender, ai the complet]on of out-pulsing, 
conductor 115 is opened to permit the sp]itting 
re]ay of the trunk fo re]ease and close the talking 
conductors. For an interva] fo]lowing the open- 
25 ing of conductor 145 the sender shou]d ho]d 
,round on conductors  4  2 and 1406 fo insure the 
tolding of the switches by the trunk. 
The opening of conductor 45 releases relay 
SP(12) and re]ay SPK(12). The re]ease of relay 
30 .SPK(12) a]so releases relay SPI(12). The re- 
]ease of relay SP(12) also releases re]ay SIB(12), 
which in turn releases re]ay SPA(12). At its 
contact 3 re]ay SPB(12) disconnects ground from 
conductor 57 wh]ch extends as previous]y traced 
35 to the upper winding of relay SCT(5) in shunt of 
condenser SCT(5), thereby permitting condenser 
SCT(5) fo charge through the upper winding of 
relay SCT(5) fo measure off a rime interval be- 
lote re]ay SCT(5) closes ifs contact. When relay 
40 SCT(5) operates, if relay SCB(5) is stil] operated, 
if c]oses a circuit from ground on conductor   06, 
contact  of relay SPB(12), conductor 23, con- 
tact 8 of relay SCB(5), contact 2 of re]ay SCT(5), 
conductor 510 to battery through the winding of 
...._, re]ay STE(5). Re]ay STE(5) operate in this 
circuit and locks over its contact 3 to ground on 
conductor  07. 
If relay SCB(5) is released by the removal of 
ground from conductor  4  2, fo wh]ch if is locked, 
belote relay STE(5) operates, relay SCB(5) closes 
50 
a circuit from ground over its contact , contact 
5 of relay SCD(5), contact 4 of re]ay STE(5) to 
fo battery through ]amp SGK(5). Ai ifs contact 
3, relay SCB(5) connects ground over contact 5 
of relay SGK(5) fo conductor 608 fo shunt con- 
55 denser SCT(5) and prevent the operation of re- 
lays SCT(5) and STE(5). in addition re]ay 
SCB(5) closes a circuit from ground on conductor 
0, contact 5 of relay SCB(5), contact 4 of 
relay SCD(5), contact I of relay STE(5) to con- 
60 ductor 608 fo operate relay BLK(ll) and block 
the test. 
If the sender removes ground from conductor 
1406 belote re]ay STE(5) operates and re]ay 
65 ISG(12) re]eases, a circuit is c]osed from ground 
on conductor 07, contact 4 of key SGK(6), 
conductor 602, contact   of re]ay SLK(13), con- 
ductor 303, contact  of relay SCD(5), conductor 
609, contact 4 of re]ay ISG(12), conductor 229, 
0 contact  of re]ay STE(5) fo conductor 503 to 
operate relay BLK(ll) and b]ock the test. With 
re]ay ISG(12) re]eased the circuit of lamp 
HG(12) is rec]osed. 
If re]ay STE(5) operates and ]ocks belote 
' either re]ay SCB(5) or re]ay ISG(12) releases, 



2,599,40,9 

33 
the blocking circuits above traced are opened as 
well as the circuit for lamp SGK(5). Immediate- 
ly after the opening of conductor 1406, the sender 
opens conductor 1416 releasing relay COK(i2). 
With relay COK(il) released, a circuit is closed 
from ground on conductor I 102, contact I of relay 
DTC(S), conductor 307, contact S of relaF 
SPA(12), conductor 12S2, contact 5 of relay 
SP2(4), conductor 412, contact 4 of relay 
RLK(ll), conductor il21, contact I of relay 
COK(12), conductor 12SS to battery through the 
winding of relay CLK(11). The operation of re- 
lay CLK(11) indicates that in-pulsing has been 
completed and that conductor 45 has been 
opened and that the relay in the sonder which 
controls conductors 42 and 406 has been re- 
leased. 
With relay CLK(ll) operated a circuit is closed 
from battery through the winding of relay 
CPT(ll), contact  of relay BLK(ll), conductor 
22, contact 7 of key T{}(26), conductor 2603 
through cable 8-2, contact 4 of key NCH(14), 
conductor 40 through cable 30-32, contact 5 
of key IDG(30), conductor 300 through cable 
3{}-32, contact 2 of relay STE(5), conductor 5 
through cable 39-40, contact 5 of key FB(53), 
conductoï 530. through cable 39-0, contact 5 
of key FIF(14), conductor 110, contact of relay 
CLK(ll), conductor l ll1, contact '2 of relay 
SK2(ll), contact 6 of relay MAN(ll), conductor 
| 123, contact  of relay SP2(4), conductor 413, 
contact 3 of relay COK(12) to g-round on con- 
ductor I 105. 
Relay CPT(ll) operates in this circuit as an 
indication that all the test functions in connec- 
tion with the call in process bave been success- 
fully completed and that the test circuit is ready 
to advance the sender selector, restore and re- 
start. Relay CPT(ll) locks over ifs contact 2 
to conductor  24 which is grounded at contact 6 
of relays TDS(lï), at contact 0 of relay MFS(29) 
and at contact 5 of relay lVIFI(3/). At ifs con- 
tact 3, relay CPT(ll) connects ground to con- 
ductor 25, completing a circuit over contact 2 
of key REP(9), contact 4 of key REP2 (9), contact 
 of key CDK(9) to battery through register 
CT(9). 
Register CT(9) operates to register one com- 
plete test and connects ground over ifs contact, 
conductor 000 and contact  of key TA(10) to 
battery through the circuit advance relay CA(10). 
Relay CA(10) operates and locks over its contact 
 and conductor 0{}] to ground at contact  of 
relay SSC(1). 
Relay CA(10) at ifs contact 2 closes a circuit 
from ground over that contact, contact  of key 
PC(10) and conductor. 003 to battery through 
the winding of relay SA(10) and at ifs contact 3 
connects ground to conductor 08, completing a 
circuit to battery through the winding of relay 
CA (2). 
Relay SA(10) operates and opens the circuit 
of relay TCN(10) and operates relay SSG(1) .as 
previously described. Relay SSG(1) operates 
magnet SS(1) followed by relay SSC(1) which 
releases magnet SS(1) to advance the sender 
selector to the next sender. 
Relay CA (2) operates and closes a locking 
circuit over its contact 6 and conductor 2   which 
is completed only if relay CPT(ll) bas released 
or relays BTA(3), BTT(3), KTK(4) or KRK(4) 
have failed to release. Relay CA (2) at its con- 
tact 0 opens the circuit of relay ON(Il) which 
releases, removing ground flore conductors  00 
fo  !  . At its contact 2, relay CA! (2) discon- 
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nects ground ïrom interrupter TA(10) to stop 
the timing operation which wi!l be described 
hereinafter. Relay CA (2) also closes a circuit 
fom ground over contact 2 of key RN(10), con- 
$ ductor 203, contact  of relay EC(2), contact .4 
of relay CA(2) to conductor 306 to hold the 
sender busy untfl .it is ffeed by the release of 
the test relays or the advance of the sender 
selector. 
10 The release of relay ON(ll) releases all relays 
which are operated or locked over conductors 
 I0. to ll . The removal of ground from con- 
ductor lG4 releases relay TDS(lï) which, in 
releasing diæconnects ground ffom the voltage 
15 divider ruade up of resistances AF(lï) and 
BA(ï). It also disconnects ground from con- 
ductors ]G0, 04 and  24, to release the relays 
associated with the trunk closure delay timing 
circuit. In addition it closes a circuit from 
20 ound .over ifs contact 5, the strapped .off-nor- 
mal terminals .oï brush TCD(I) to battery 
through the winding of relay TDG(lï) and over 
the normal contact and winding of magnet 
STEP(I) to battery. Relay TDG(I) opers, tes, 
25 to ground conductor 124 until the switch 
TCD(lï) has been restored to normal. Magnet 
STEP(I) operates in the self-interrupting cii 
cuit advancing switch TCD(I/) to normal where 
the .circuit of magnat STEP(lï) and relay 
0 TD(lï) is opened, relay TDG(I/) is released 
and ground removed at that point from con- 
ductor  24 
The removal oï ground from conductor .! 0 
releases relay MFR(3ï) which disconnects 
35 ground from conductors 3{}, etc., and ïrom con- 
ductor 24 releasing the relays aæsociated with 
the multifrequency out,pulsing checking cir- 
cuit. At contact 3, relay 1VIFI(3ï) connects 
ground over conductor 37, the strapped off- 
!0 normal terminals of brush MFK (48), and con- 
ductor 482 to battery through the winding of 
relay MKG(3ï) and over the back contact and 
winding of magnet MFK(48) to battery. Relay 
MKG(3ï) operates, connecting ground over its 
i5 contacts 3 and 4 to conductor ll24. lYfagnet 
1VIFK(48) operates in a self-interrupting circuit 
to advance switch MFK(48) to normal where 
the circuit of magnet MFK(48) and relay 
MKG(3ï) is opened and relay MKG(3ï) releases 
50 to remove ground from conductor l l24. 
When relay TDS(17) released as above de- 
scribed, diæconnecting ground from conductor 
l'lO0, it released relay MFS(29). Relay MFS(29) 
removes ground from a number of conductors 
55 releasing relays associated with the multifre- 
quency in-pulsing circuit and also removing 
ground from conductor ll24. Relay MFS(29) 
released, connects ground over its contact 2, con- 
tact  of relay MPS(29), conductor 299 over 
60 the strapped off-normal contacts of brush 
MIP! (21) to battery through the upper winding 
of relay MFG(29) and over the back contact 
and winding of magnet M:FP(21) to battery. 
Retay M:FG(29) operates connecting g-round 
65 from contact 2 of relay KP(28) over conductor 
2008 and contact 2 of relay MFG(29) to con- 
ductor 24. Magnet MFP(21) operates in a 
self-interrupting circuit to advance switch 
lYIFP(21) to normal when relay MFG(29) re- 
0 leases, removing ground from conductor 24. 
Removal of ground from conductor !/ re- 
leases relay MCK(47) which in turn releases 
relay MKS(4) and other relays in the marker 
checking circuit. 
 When relay ON(ll) removed ground from Con- 
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ductor 1107 the operating circuit of relay 
CPT(ll) is opened and when switches TCD(17), 
MFK(48) and MFP(21) bave been restored to 
normal, the locking circuits of relay CPT(ll) 
are opened and that relay releases slowly in 
turn releasing register CT(9). Register CT(9) 
opens the operating circuit of relay CA(10) and 
the operation of relay SSC(1) in the advance of 
the sender selector SS(1) opens the locking cir- 
cuit of that relay so that relay CA(10) now re- 
leases, in turn releasing relay SA(10) and relay 
CAl(2). With relay SA(10) released, relay 
TCN(10) is connected to the test connector re- 
lays of the sender connected to position 2 of 
switch SS(1) and when relay TCN(10) operates, 
with relay CAl(2) released, relay ON(il) re- 
operates and the test of the next sender is started, 
which takes place as above described. 
At the end of the test of this sender, switch 
SS(1) is advanced as described and in this man- 
ner continues to test multifrequency senders un- 
til it is advanced to position 19. In position 19 
a circuit is closed from ground at contact I of 
relay MSS(10), conductor 1004, brush MS6(1) 
in position 1, brush SS3(1) in position 19, con- 
ductor 108 fo battery through the winding of 
relay MSA(10). 
Relay MSA(10) operates and closes a circuit 
from ground at its contact 4 over its contact § to 
battery through relay MSB(10) and resistance 
BG(10). A second circuit is closed from ground 
at contact 4 of relay MSA(10) over contact 2 
of relay MSB(10), conductor 1000 to battery 
through the winding of magnet MS(l) and over 
the back contact of magnet MS(l) and conductor 
100 to battery through the winding of relay 
MSC(10) and from conductor 100 over contact 
3 of relay MSB(10) to battery through resistance 
BG(10) in shunt of the winding of relay 
MSB(10).. Relay MSC(10) and magnet MS(l) 
operate. When magnet MS(l) opens its back 
contact relay MSC(10) releases and the shunt 
around the winding of relay MSB(10) is opened 
so that the latter relay operates. 
Relay MSB(10) in operating opens the circuit 
of magnet MS(l) which releases and advances 
the master selector MS(l) to position 2. The 
advance of switch MS(l) opens the circuit of 
relay MSA(10) and that relay releases, in turn 
releasing relay MSB(10). 
With relays MSA(10) and 1VISB(10) released, 
relay SA(10) operates and advances the second 
sender selector to position 1. In this manner the 
master selector and sender selectors are advanced 
until all of the multifrequency senders bave been 
tested. If on the last sender selector connected 
to multifrequency senders, not all the positions 
are used, the sender selector is advanced over 
these unused positions by connecting the corre- 
sponding terminals of brush SS3 (1) to conductor 
100 to provide a self-interrupting circuit for mag- 
net SS (1) to advance that sender selector to posi- 
tion 19 after which the toaster selector is ad- 
vanced to the next sender selector as above 
described. 
The test circuit then tests all of the dial type 
senders as will be described hereinafter, the 
toaster selector and sender selectors being ad- 
vanced as described. When the master selector 
is advanced to the first unused position, shown 
as  position 14, a circtfit !s closed over brush 
MS§(1) in positions 14 to 19 over the back con- 
tact and through the winding of magnet MS(l) 
to battery providing a self-interrupting circuit 
or advancing the master selector to position 20. 
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In this position a circuit is closed from ground 
over brush MS5(1), conductor II0 to battery 
through the winding of the end-of-cycle relay 
EC(2). Relay EC(2) operates, lighting lamp 
 EC(2). 
Relay EC(2) at contact 4 opens the operating 
and locking circuits of relay LCS (2) releasing the 
latter relay and at contact I opens the locking 
circuit of relay FST(2) which also releases. Re- 
!ff lay LCS(2) releases relay NISS(10). Relay 
FST(2) releases relay ON1(30) which releases 
the key-set relays and extinguishes the key-set 
lamps. With the sender selector in an unused 
position neither relay I1VIF(18) nor relay IDL(18) 
15 is operated. Therefore, the end-of-cycle condi- 
tion finds the test circuit with relay EC(2) oper- 
ated and lamp EC(2) lighted. No other relays 
are operated and no other lamps are lighted. 
To restore the test circuit to normal, start key 
20 ST(10) is restored and return-to-normal key 
RN(10) is operated. A circuit is then closed 
from ground over contact I of key RN(10), con- 
ductor 1010, contact 5 of relay LCS(2), contact 0 
of relay FST(2), conductor 21 I, off-normal con- 
25 tacts of brush SS0(1) over the back contact and 
through the winding of magnet SS(1) to battery. 
Selector SS0(1) is advanced to normal in this 
circuit, where ground on conductor 211 is ex- 
tended to the corresponding brush of the next 
30 sender selector SSI which is restored in turn. 
When the last sender selector, SSI3, bas been 
restored, ground is extended to conductor III 
and the off-normal terminals of brush MS4(1) of 
the toaster selector and over the back contact 
35 and through the winding of magnet MS(l) to 
battery, advancing the toaster selector to normal. 
 When the master selector steps to normal relay 
EC(2) is released and lamp EC(2) is extinguished. 
It is, of course, possible to abandon a test cycle 
40 at any point and restore the equipment to normal, 
for example when it is necessary to use the test 
circuit to clear trouble in a particular circuit. 
When this is to be done, key ST(10) is released 
and, when the test circuit stops at the end of the 
test call in progress, key RN(10) is operated until 
45 all of the frame and sender lamps are extin- 
guished and the toaster selector is normal. 
Dia r-pusing 
50 With the toaster selector in positions 7 fo 13, 
a circuit is closed from ground over contact 1 of 
relay MSS(10), conductor 1004, brush MS6(1) in 
positions 7 to 13, over the brush corresponding to 
brush SS3(1) of sender selectors SS7 fo SSI3, to 
55 conductor 112, contact 2 of key NIF0(1), con- 
ductor 105 to battery through the winding of 
relay IDL(18) and to battery through the winding 
of relay IND(4). Relay IDL(18) operated lights 
lamp IDL(18). 
60 The trunk closure delay test switch TCD(17) 
and the multifrequency out-pulsing test switch 
MFK(48) are preset as previously described. 
With switches TCD(17) and MFK(48) preset, 
relays TDS(17) and PNII%(37) are operated and 
65 a circuit is closed fl'om ground over contact 4 of 
relay TDS(17), conductor 1704, contact 3 of relay 
PtVIl(37), conductor 3701, contact 5 of relay 
IDL(18), conductor 1802 through cable 18-34 
to battery through the winding of relay DLS(46). 
70 Relay DLS(46) operates in this circuit and 
closes a circuit from ground on conductor 1100, 
over contact I of relay BLKI (il), conductor 2003 
through cable 10-34, contact - of relay DLS(46) 
to battery through the winding of relay G(46) 
75 operating ttie latter relay. Relay DLS(46) at its 



0nt.act 6 cormects ground fo conductor 4605, 
completing a .circuit to :battery through the wind- 
ing of r.elay .PSD(34) and resistance BA(34). 
Just prior to closing this circuit relay DLS(46) 
connects ground over its contact 7, conductor 
460.6, brush DC2.(34) in ifs normal and first posi- 
tion, conductor 3120 through cables 31-34 and 
8-24 fo the back contact of relay ACA(8) in a 
prti,al ,c, lo.sure of a shunt îor relay PSD(34) but 
sinc.e e!ay ACA(8) is 0perated as a result of 
setting up an area code, this shunt Js incomplete. 
Relay DLS(6) also closes a circuit from ground 
over its contact 2, conductor 4.807, normal con- 
tact of ,brush DC(34), over the back contact of 
magnet DC<3.) to .battery through the winding 
Of magne DC(3.4), through the lower winding of 
re]ay .DCG(34) to battery and over contacts 2 
and 4 of re]aY PSD(34) .fo resistance BA(.34) and 
battery in shunt of th windîng of relay pSD (34). 
Magnet DC(34) operates, opens ifs back contact 
&lïd releàses: advàncing switch DC(33) fo posi- 
tio:,l ,tli.ereb F releasing relay DCG(34) and 
opning the shunt around the winding of relay 
PSD(34), iermitting that relay .fo operate. 
Wiih Switch DC(33) in position I, relay G(46) 
clos a circliït irom ground ai contact 3 of relay 
ER(3.),-çonductor 40, brush DC4(33) in posi- 
tion L conduct0r 2ï02, contact 3 of relay G(6), 
t6 bttêrY-through the winding .of relay CD(46. 
Reiy G(46)Iso closes a circuit from ground ai 
it otact , C0nductbr 450 fo battery through 
tli .winding of relay STD(5!) ., operating that re- 
lay. 
Relay STD(51) in 0perating .connects ground fo 
conductor |90, closing a .circuit fo battery 
throug-h resistances K(51) and BC(51) providing 
a voltage, divider, from the mi'd-point of which a 
circi'.extnds through the upper winding of re- 
lay PLS(51) and the lower winding of .relay 
CTG(5! throùgh rsistance BB(51) fo full bat- 
tery .po.ential, the_reby enegizing relays PLS (51) 
and ICTG(51) in a direction fo close their con- 
radis  H0wever, with relay INT (50) operated 
as described hereinafter, ground on conductor 
0 i Connected over contact 2 of relay 
INT! (50), conductor 00 fo the winding of re- 
laY CT(51 in shunt of battery through resist- 
ance BB(51) energizing relays PLS(51) and 
CTG(51) in a direction fo close their contacts 2. 
Gr0d on conduct0r 0.0. is also connected fo 
attery through the winding of relay CTL(50) 
0Peratïng that relaY. 
RelaY'STD(51) also closes a biasin circuit for 
r#laY R(5,1)="which may be traced from ground 
thr0ugh resistance GB(51), contact 3 of relay 
STD(51) ' loïver winding of relay R(51), resist- 
ance J(51)/contact II of relay STD(51) to bat- 
tery. Rlayl(51) is energized in a direction to 
hold its .onfact I closed, In addition, relay 
STD(51) closes a biasing circuit for relay BD I (51) 
whïch may be traced rom ground through re- 
sitanceGc(51), contact I of relay STD(51), 
lowêz Winding of rela BD I (51), resistance H (51) 
to óattéry over contact 7 of relay STD(51). A 
circuit is also closéd af this rime from battery 
ai contact 1 of relay STD(51) through the upper 
vindingof relay BDI(51), contact 6 of relay 
STD(5i), fo groundthrough condenser BD(51) 
and esistance GF(51) 'but condenser BD(51) is 
shuntei over contact 6 of relay R1(51), and 
grdund af contact I of relay SY(51) so that relay 
BDI51). operates, At ifs contacts 4 and 10, re- 
lay S.TD(51) connects ground through resistance 
.G.D(51) to battery through resistance G51) to 
S¢ ,up a sec9nd v0a ge divider, the midpoint of 

which is connected through th¢ upp.r.windi.g 
relay SRT(51), through resist_ance oF¢51) .. !1 
battery potential .over.contact 9.of 
Relay STD(51) .also .connec.ts ..btry .ovr its 
5 contact .!2 hrouh he !ower .windin, g of.relay 
SIT(51) fo one side.of condenser.S(5l) 
tery over its contact 9 through esisçan.ce F.(.5.1,) 
fo the other side of condenser S.çS:l). 
If wfll be remembered hat.key ..9.0 vas .0per- 
]0 ated in setting up the tes.t ,con.dictions fqr .his 
series of tests. With key 49.0 ,an..d elay 
0perated, biasing circuits .ae 
rupter relays INT(-50) and .INT.! 
be traced from gound on couc.r ..ç, up,e,r 
]5 winding of re!aF INT(50), ,cp.nduc.t.orç0, 
tact !! of key .4902, co.ntac,t 
tact  ! of key 900, fo batery thr.ough res.i.sace 
BH(49) and from ground on conductp.r . ., up- 
per winding of relay !NTf (50.), 
20 contact 12 of key .490, ,c.o.ntac.t 
contact 4 of key 490:0 tobat.çery thOugh 
ance BJ(49). Relay INT(0) .a.nl e].a.F.IN-T. 50). 
operate fo close their confa.cts  in thesç circuits. 
A circuit is closed from battery ttroug reist- 
_o. ance BG(49), contact 9 of key .490, c..ontact Ç..of 
key 490!, c0.ntac 9 of key 4902, Conductor 
lower winding of relay INT(50), conductor 
contact 2 .of .key ,49.02, contac .3 of key 4.90, cpn- 
tact 4 of key 4909, con.deser PC(49) t0.gro..up.d 
;»0 on conductor !00. Hoyever, b.attery thro.ugh 
sistance BG(49) is shunted at this rime  groni 
connected fo conductor 90 oyer Contact 2 of 
relay BD(51) and conductor 00,. With cpn- 
tact 2 of relay INT.(50) closed, a crcuit is closed 
:. from battery hrough the lower windi.ng of .rlay 
INT!.(50), conduct.or 504, resistance -L.(9), cop- 
tact $ of key 490, co, nact ! of keY 490, .con- 
tact 4 of key 9,2, contac,t . .of key 90, con- 
tact $ of key 490j, .contact  of key 900, cpn- 
4o denser PB(49), conductor 4907, c.ont.ac .2 0 re- 
lay INT(50) to ground on c0ndu¢.tor 0, 
which circuit,c0ndenser PB (9) !s charged. IFhe 
in-dialing circuit now awaits the completion o,f 
the sender busy test and the .test of the. c0ntro. ! 
,, conducors, all of which take ptace as previous!Y 
described. 
Vhen relay SK(5) .is operated..during the test 
of the sentier control con.duct0rs, the inpB -.tip 
and ring conductors 1.40 and. 40,4 are extended 
0 to the in-dialing circuit, compleing a loop cr- 
cuit which .may be traced fro conductor 
contact  of r!ay SK(5), conductor 00 through 
cable !-2, cotact 4 _of r¢lay DLS(46), Cop- 
ductor 4609, contact .4 of key INCX(38), contac 
55  of relay TG(38), wnding of relay TG(38), 
winding of relay OF(38), contact  of k.ey 
INCX(38), conductor 800, contact 7 of key 4902, 
contact  of key 490!, contact 7 of key 49e0, con- 
ductor 4504, contact ! of relay CX (38), contact 
C0 4 of relay T(38), resistance AP(38), contact 
of relay TG(38), through reçard cofl C(38) and 
resistance B(38) in parallel, condu.ctor 0, con, 
tact 2 of jack PLS(51), contact 2 of relay 
PLS(51), contact ! of jack PLS(51), conductor 
0EE  !0 !, contact ! of relay CX2 
contact  of relay DLS(46), conductor 2502, con- 
tact  of relay DW0(26), conductor $0! through 
cable $-2, contact  of key SGK(6), con.ductor 
0!, contact 9 of relay SK(5) 
70 Vnen the sentier is.first seized the current in 
this circuit is in such a direction that relay 
OF(38) operates, but re!ay TG(38) remainsnor- 
mal. RelaY OF(38) in operating closes a circuit 
for relay OF! (38) which operates and locks over 
75 i.ts cqpçt 4 and conducr 4ç07 to ground at con..- 
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tact  of relay Ï)L(46). When relay STD(51) 
operated, grounding conductor 5100, a circuit 
was closed over contact 2 of relay TG2 (33), con- 
tact  of relay CXS(33) and contact  of relay 
OF(33) to battery through lamp OPL(33). 
When relay OF(33) operates, iL extinguishes 
lamp OPL(33) and extends the above-traced cir- 
cuit over ils contact 2 to battery through lamp 
RPL(33) causing that lamp o light. 
Relay OF (3) closes a class registration cir- 
cuit from conductor 40.o contact  oï relay 
SK (4), conductor 404, contact  of relay SP(12), 
contact 6 of relay CLC(I.), conductor 2 6, con- 
tact 3 of relay OF (33), conductor 2007, contact  
of relay CSR(.5), contact 2 of key IT(.5), con- 
tact 2 of key TC(.5), resistance GH(.5) to 
ground. No circuit is closed over conductor 4   
aL this Lime. 
After the sender has completed class registra- 
tion it reverses the connection of battery and 
ground to the above-traced loop circuit, releas- 
ing relay Oi(33) and Çperating relay TG(33). 
Relay TG(38) closes a circuit over ils contact, 
contact 6 oï relay OF! (33) to battery through the 
winding of relay TGI(38). Relay TGI(38) op- 
erates and locks over ils contact 4 to ground on 
conductor 4607. AL ils contact I, relay TGI (38) 
closes a circuit ïor relay TG2(38) which operates, 
in turn operating relay TG3 (38). 
With relays TGI (38) and TG3(38 ) operated the 
loop circuit is changed ïrom the trunk test condi- 
tion fo the dialing condition. The loop circuit 
now extends ïrom conductor 1403 as above-traced 
to conductor 4600, over contact 4 of key INCX(38), 
contact 6 of relay TG3(38), contact 3 oï relay 
TGI (38), contact 3 of key INCX(38), conductor 
3800, contact 7 oï key 4002, contact 8 of key 400 I, 
contact 7 oï key 4000, conductor 4904, contact 10 
of relay CX1(38), contact 7 oï relay TGI(38), 
resistance AM(38), resistance AP(38), contact 2 
of relay TGI (38), conductor 380! and thence as 
previously traced to conductor 1404. This circuit 
is closed aL contact 6 oï relay TG3(38) before the 
circuit through relays TG(38) and OF(38) is 
opened aL contact 5 of relay TG3(38). With key 
4000 operated, a high resistance shunt is con- 
nected around the contact oï relay PLS(51) ïrom 
conductor 380 I, resistance W(49), contact 2 oï key 
4000, contact I oï key 490 I, contact I oï key 4002, 
conductor 400§, contact 8 oï relay TG3(38) and 
contact ! of key INCX(38) of conductor 5101. 
With relay TG3(38) operated a circuit is closed 
for operating the synchronizing relay SY(5i). 
This circuit may be traced ïrom battery through 
the winding oï relay SY (51), conductor 5102, con- 
tact 3 of relay TG3(38), conductor 3803, contact 
2 of relay DLK(34), contact 3 of relay AVI (34), 
conductor 3402, contact 3 of key DSS(30), con- 
ductor 3002, contact § of relay STD(51), con- 
ductor 1230, contact 2 oï relay SCA(12), contact 
7 of relay SPA(12), conductor 2010, contact 5 of 
relay LBB(45), conductor 4500, contact I oï relay 
G(46), conductor 4610, contact § oï relay 
PSD(34), contact I oï relay EP(34), conductor 
3403, contact 3 oï relay CD(46), conductor 4611 
fo ground aL contact I oï relay DCG(34). 
le]ay SY(51) aL contact I opens the shunt 
around condenser BD(51) to the upper winding 
of relay BD1 (51) cansing that relay to start fo re- 
lease. At ils contact 2, relay SY(51) closes an 
obvions circuit ïor relay SYI (51) which operates. 
Relay SY(51) 3lso closes a circuit from gròund 
on conductor 5100, contact I of rëlay 1(51), 
contact 3 oï relay SY(51), conductor §104, con- 
tact 5 oï relay DAl (30), conductor 3003, contact 

4O 
4 of relày CD(46) to battery thr0ugh he wind- 
ing of relay CD (46), operating the latter relay. 
In addition, relay SY(51) clÇses a circuit from 
ground on conductor §00, contact  of jack 
5 CTG(51), contact 2 oï relay CTG(51), contact 2 
oï jack CTG(51), contact 4 of relay SY(51), 
conductor 5105, brush DC3 (33) in position 1, con- 
ductor 3100, through cable 3 -34, contact 2 oï key 
700, conductor 3144, through cable 3-0o contact 
10 $ oï relay CTL(50), contact  of counting relay 
4' (50), winding oï counting relay 4 (50), conducor 
5003, contact 3 oï relay R(51) to battery over 
contact 3 of relay STD(51). lelay 4(50) op- 
erates in this circuit and locks in a circuit from 
15 battery on conductor 003, winding oï relay 4(50), 
winding oï relay 4'(50), contact oï relay 4(50) 
to ground. Relay 4'(50) does hot oPerate aL this 
Lime being shunted by the operating circuit oï re- 
lay 4(50). 
20 Relay CD(46) closes a circuit from ground 
over ils contact 3. conductor 462 to battery 
through the winding oï relay DLK(34), operating 
the latter relay. At ils contact 2, relay CD (46) 
connects ground to conductor 46 3 completing a 
25 circuit to battery through the winding of relay 
DCG(34) and to 'battery through thewinding of 
magnet DC(34). Relay DCG(34) in operating 
opens the operating circuit for relay SY(51) but 
relay SY(51) is held operated in a circuit extend- 
3o ing as previously traced fo conductor 30 and 
over contacts I and 4 of relay CD (34)to con- 
ductor 3003 and thence as traced for the operat- 
ing circuit of relay CDI (46) to ground over. con- 
tact I oï relay R(51) and conductor 5100. 
35 When relay SY(51) opens the shunt around 
condenser BD(51), relay BDI(51) is held op- 
erated for a Lime due to the charging current for 
condenser BD(51). This measures the interval 
between digits which are sent in rapid succession 
4O for testing the sender register advance. The re- 
lease of relay BDI (51) disconnects ground from 
conductor 4903 and battery through resistance 
BG(49), thereby permitting condenser PC(49) 
to charge in series with the lower winding of relay 
45 INT(50) and cause relay INT(50) to close ils con- 
tact I. When condenser PC(49) is charged, relay 
INT(50) opens its contact I and recloses its con- 
tact 2. The length of Lime that contact 2 of re- 
lay INT(50) is open depends upon the values of 
50 the resistance and condenser connected in series 
with its lower winding by the keys of Fig. 49. 
When relay INT(50) opens its contact 2, iL dis- 
connects ground from the circuit through the 
lower winding of relay INT(50) and connects re- 
55 sistance N(5,0) across condenser PB(49) dis- 
charging the condenser. When relay INT(50) re- 
closes ils contact 2, condenser PB(49) recharges 
through the lower winding of relay INTI(50), 
th]s charg]ng current-causing relay INTI (50) fo 
6o open its contact 2 and close its contact I, untfl the 
condenser is charged when contact 2 is reclosed. 
The interval during which contact 2 is open con- 
trols the open period of the dial interrupter. 
WhHe contact I is closed ground on conductor 
5 5100 is connected to conductor 4903, to shunt bat- 
tery through resistance BG(49) and permit con- 
denser PC(49) to discharge through the lower 
winding of relay INT(49), holding that relay op- 
erated for a measured interval. When relay 
70 INT(50) reoperates, condenser PC(49) is re- 
charged delaying the reoperation of relay 
INT(50). The release Lime of relayINT(50) con- 
rols the closed period of the dial interrupter. 
When relay INTI(50) opens ils Contact 2 iL 
?$ disconnects ground from conductor 5005 and 
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causes relays PLS(51) and CTG(51) fo release 
and when relay INTI (50) recloses ifs contact 
relays PLS(51) and CTG(51) reoperate. 
While relay INT(50) is released, condenser 
PB(49) is discharged, and when relay INT(50) 
reoperates, condenser PB(49) charges through 
the lower winding of relay INTI(50), releasing 
relay INTI (50). Relays INT(50) and INTI(50) 
continue to operate and release as long as the 
contact of relay BDI(51) is open, the rate of 10 
pulsing being determined by the operation of key 
4901). Therefore relays PLS(51) and CTG(51) 
puise at the saine rate as relay INTI (50). 
Each rime that.relay PLS (51) releases a sim- 
ulated dial puise is transmitted to the sender. 15 
When relay CTG(51) releases, if opens the 
operating circuit of relay 4(50) permitting relay 
4'(50) to operate in the locking circuit of relay 
4(50) previously traced. With relay 4' (50) oper- 
ated, when relay CTG(51) operates, the counting 20 
relay operating circuit extends as above traced 
to conductor 3144 and thence over contact 6 of 
relay CTL(50), contact 2 of relay 4'(50), contact 
I of relay 3'(50), winding of relay 3(50), con- 
ductor 5006, contact 4 of relay Ri (51) fo battery 
ai contact 8 of relay STD(51). Relay 3(50) op- 
erates and locks through the winding of re]ay 
3'(50) fo ground. 
Ai the second release of relay CTG(51), relay 
3' (50) operates and advances the counting relay 
operating circuit, and when relay CTG(51) re- 
operates relay 2(50) is operated. In a similar 
manner relay 2'(50) operates in response to the 
third release of relay CTG(51) and relay 1(50) 
operates on the reoperation of relay CTG(51). 5 
The locking circuit of relay 1(50) includes the 
windings of relays 1'(50).and BD(50) which op- 
erate in response to the fourth release of relay 
CTG(51). 
Relay BD(50) closes a circuit from ground at 40 
contact I of relay BD2(51), conductor 5106, con- 
tact of relay BD(50), conductor 
of relay STD (51), upper winding of relay BD I (51) 
to battery over contact 7 of relay STD(51), re- 
operating relay BDI(51), which again connects 45 
ground to conductor 4903 preventing condenser 
PC(49) from charging when relay INTI (50) re- 
operates. When relays INTI(50), PLS(51) and 
CTG(51) operate ai the end of the pulse, they 
stay operated until relay BDI (51) again releases. 50 
The reoperation of relay CLG(51), recloses the 
counting relay operating circuit which extends 
.as previous]y traced to the armature of re]ay 
4'(50) and thence over contact 2 of relay 
contact 2 of relay 3' (50), contact 2 of relay 2' (50), 55 
contact 2 of relay '(50), conductor 5056 in par- 
allel fo battery through the lower winding of re- 
lay BD2(51) and the upper winding of relay 
R2 (51). 
Relay BD2(51) disconnects ground from con- 60 
denser BD(51) and the upper winding of relay 
BDI (51), so that relay BDI (51) releases airer an 
interval determined by the charging of condenser 
BD(51). 
Relay R2 (51) aL its contact  disconnects con- 
denser R(51) from ground through resistance 
GE(51) and af ifs contact 2 connecLs the con- 
denser through the upper winding of relay R (51), 
fo battery over contact   of relay STD(51). Re- 
lay R(51) is operated while condenser R(51) is 70 
charging, lelay 1(51) in operating opens the 
locking circuit of relay SY(51) causing that relay 
fo release, in turn releasing relay CD  (46). While 
relay R(51) is operated, if closes a circuit from 
ground on conductor 500, contact 2 of relay ï5 

R(51), lower winding of relay R2(51), upper 
winding of relay BD2 (51), fo battery through the 
winding of relay RI(51), holding relays R2(51) 
and BD2(51) operated and operating relay 
Ri (51). Relay Ri (51) disconnects battery from 
the windings of the counting relays and the oper- 
ated ones of these relays, including relay BD (50), 
release. When condenser R(51) is charged, after 
an interval, relay R(51) releases, in turn releas- 
ing relays BD2(51), R2(51) and Ri (51). 
When relay CDI (46) releases it opens the cir- 
cuit of magnet DC(34) advancing switch DC(33) 
fo position 2, and at the saine rime releases relay 
DCG(34). It a]so releases relay DLK(34). With 
relays DCG(34) and DLK(34) released, the pre- 
viously traced circuit for operating relay SY(51) 
is closed .and that relay reoperates. With relay 
SY(51) operated the counting relay operating 
circuit is closed, extending as previously traced 
from ground on conductor 5100 fo brush DC3 (33), 
over conductor 310 I, through cabl 31-34, contact 
2 of key 600, conductor 
contact l0 of relay CTL(50), contact I of relay 
0'(50), winding of relay 0(50), conductor 5996, 
contact 4 of relay Ri (51) fo battery over contact 
8 of relay STD(51). 
When relay BDI (51) releases ai the end of the 
interdigital interval, the interrupter relays 
INT(50) and INTI (50) start pulsing and the sec- 
ond digit, zero, is sent out. In a similar manner 
the third digit is sent out. 
When switch DC(33) advances to position 4, 
following the transmission of the third digit, the 
circuit of relay CD(46) is opened, stopping the 
in-pulsing and a circuit is closed ïrom ground 
over contact 3 of relay EP(34), conductor 
brush DC4(33), conductor 2104 through cable 
33-47, contact 3 of key 2DTX(47) , contact 3 of 
relay D08(47), conductor 4700 through cable 25- 
45, contact 7 of key TRL(25), conductor 
through cable 25-45, contact 5 of key UXD(55), 
conductor 5500, to battery through the winding 
of relay MKS (47). 
Relay tVIKS(47) initiates the test of the con- 
nection with the marker, which takes place as 
previously described, resulting if satisfactory in 
the operation of relay MC(35). The test of the 
trunk closure delay timing is also ruade, resuit- 
ing, if satisfactory, in the operation of relay 
TDK(17). With relays MC(35) and TDK(17) 
operated, a circuit is closed from ground over con- 
tact 6 of relay BLK(ll), conductor 1702, contact 
5 of relay TDK(17), conductor 
of relay MC(35), conductor 
of relay D08(47), conductor 2102 through cable 
33-47, contact 3 of relay G(46) fo battery through 
the winding of relay CD(46). 
With relay CD(46) operated, the remaining 
digits are transmitted to the sender. During this 
rime the test of the sender SL relay is made as 
previously described. Since no stations digit key 
was operated, when switch DC(33) advances to 
position , a circuit is closed from battery 
through the winding of relay EP(34), contact 
of relay PSD(34), conductor 603 through cable 
 8-34, contact 7 of relay IDL(18), conductor 2403 
through cables 30-32 and 8-24, contact  of relay 
STA(24), contact 3 of relay U(24), conductor 
3130 through cable 1-34, brush DC2(34) in po- 
sition 11, conductor 606 to ground at contact 
of relay DLS(46). 
Relay EP(34) operates in this circuit and closes 
a circuit from ground at its contact 4, conductor 
3494, contact 2 of key DT0(45), contact 5 of key 
lVIKD (45), conductor 
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contact 6 of relay IDL(18), conductor 1864, con- 
faci 4 of key W0(26), contact 5 of key T0.(26)., 
contact 5 of key PS, conductor 26{}7 to battery 
through the winding of relay RLK(ll). 
llay RLK(ll) operates fo indicate that the 5 
transmission of the designation fo the sentier bas 
been completed. With relay EP(34) operated the 
.dial pulsing circuit awaits restoring fo normal. 
The checking of the designation as transmitted 
from the sender and the restoration of the test 10 
circuit fo normal takes place as for the multiïre- 
quency sender. 
Dial ou$-pulsing--loop dialig 
If if is desired to test the senders for their abri- 15 
 ity fo send out dial pulses a corresponding desig- 
nation will be set up on the designation key-sets 
and either key LPD(43) or key SXD(43) w.ill be 
operated according fo whether the designation 
requires loop dialing or simplex dialing, .instead 20 
of key lYIt(25). It will be assumed that loop 
dialing is required and that, therefore, key 
LPD(43) is operated. 
With key LPD(43) operated, a circuit is clesed 
from off-normal ground-on conductor I! 0}, con- 25 
tact 2 of key MAN(25), contact 2 of key MFR(.25), 
contact 2 of key DCR(25), conductor 25]0, on- 
tact 3 of key LPD(43), fo battery threugh the 
winding of relay DPR(43). 
Relay DPR(43) operates in this circuit and at 30 
its contact $ connects ground to conductor 4303, 
through the winding of relay DKA(55) fo bat- 
tery. Relay DKA(55) oPerates, lighting :lamp 
DPl(55). Relay DKA(55) also closes a circuit 
from ground over its contact 5, conductor 55{}7, 35 
contact 5 of relay DK(56), conductor 560, to bat- 
tery through the winding of .relay LBC(5-7).. 
Af its contact 2, relay DPR(43) connects 
ground fo conductor 4{}4, completing a-circuit 
over brush DPK2(42) in normal position, con- 0 
ductor 4200, over contact 5 of relay PRS(43) to 
battery through the resistance BJ(.43) in shunt 
of the winding of relay PRS(43) a.nd over con- 
tact  of relay PRS(43), conductor-40,-back 
contact of magnet DPK(42), conductor 420.L, con- 
tact 9 of relay PRS(43)., conductor 406 to bat- 5 
tery through the winding of magnet DPK(42-). 
Magnet DPK(42) operates, opening is contact 
nd thereby its operating circuit and advancing 
swïteh DPK(42) to position 1. Relay DPt(42) 
at ifs contact 3 closes a circuit from 'ground fo 50 
battery through the winding o relay PRS(43). 
When switch DPK(42) advances to position 1, 
the shunt above traced around the winding of 
relay PRS(43) is opened and with a key o!oerated 
in key-set ACt.(6) no shunt is closed in position 1 55 
of switch DPK(42) and rely PRS(43) operaLes, 
leaving switch DPK(42) preset in position 1. 
Relay DPR(43) connects battery hrough re- 
sistance BD(43) over ifs contact 9 nd conduc- 
tor 07 fo ground through resistance GB('2), 60 
these two resistances constituting a voltage di- 
vider; from the raid-point of which a circuit ex- 
tends over contact I of jck T1VIA(42), vinding 
of elay TMA(42), contact 2 of jack TMA(42), 65 
conductor ï2{}2, contact 2 of jack TM'D(54), .lower 
winding of relay T1VID(54), contact  of ack 
TM:D(54), conducor 549{}, contact I{} oI relay 
DPI(43), resistance BE(43) fo ful] battery po- 
tential. A circuit also extends fom battery on 70 
conductor 54{D over contact  of jack TMD(.54) 
through the upper winding of elay TlYID(.54), 
contact  of jack T/CD(54), through condenser 
TI(54) fo ground. 
However, ground is also connected fo conducor 75 

5400 af, this rime over-contact 4 of relay TCD(43), 
conductor ,4308 and contact I of relay L(55) so 
that condenser TM(54) is discharged and relays 
TMD(54) and T!VIA(42) are released, that is, hold 
their contacts I closed. 
In addition relay DPR(43) closes a circuit fzom 
gr0und over ifs contact $, conductor 410, contact 
I of key LPD(43), conductor 4311, fo battezy 
through the winding of relay LP(55), operating 
that relay. Relay DPR(43), in grounding con- 
ductor 410, atso cl0ses a biasing circuit for relay 
L(55) whiCh may be traced from ground on con- 
ductor 4'10, through the lower winding of relay 
L(55), conductor 5501, contact 7 of relay 
TCD(43), fo battery through resistances BB(43). 
When relay PRS(43) operates after switch 
DPK(42) .bas 0een preset, if the sender is to be 
set by dial puises, if closes a circuit from g-r0und 
af contact 4 of relay IDL(18), conductor I:OS 
through cable 18-4-4, contact G of relay PRS(43)., 
con'ductor 3{}9 to battery through the vinding 
o relay DIN('42), whlch operates. If the sentier 
is ;o be set by multï$requency pulses, relay 
DIN(42) is nor operated. For this 'description 
ill be assUmed that relay DIN(42) is hot oper 
ated. 
The seizure "of the sender, test o ifs condition, 
test of the class registration function, transms- 
sion of the designation to the sender the marker 
test and the trunk closure delay test, .all take 
place substantially as previously described, lor 
ealls requiring dial-type out-pulsing th'e SL rélay 
of the sender does hot function until ai'ter out- 
pulsing bas 0een completed and theref0re the test 
of that function is also delayed. 
Trunk closure .by the sender is tested for over 
 conductors 149 and 14}8, conductor 1409 ex.tenl- 
ing over contact 3 of relay SEl(4), conducr 
43, contact 5 of relay SPA(12), conductor 
contact 7 o:[ relay OPT (43), conductor 4312, .con- 
tact 2 oï relay LP(55), contact ! of relay PS] (55) 
fo ground tln'ough resistance BA(55) and conduc- 
ter 1{}8 extelding over contact 4 of relay SE|(4), 
conductor 4}9, contact 8 of re]ay SPA(I:2), con- 
d.uctor 228, contact  of relay LP(55), conductor 
502, in parallel over contact 5 of relay 
and brush T1I3(54) of timing switch TM(54), 
conductor 42{}, contact 4 oï relay PS1(55), to 
ground through condenser LPD(55) and over con- 
-tact 7 of relay LP(55), upper winding of relay 
L(55), conductor 55{}3, over contat 2 of relay 
RES(44) fo tattery through resistance BC(44). 
When the sender closes the trunk, after runk 
clostu'e delay, relay L(55) operates and closes a 
circuit from ground over contact 2 of relay L(55), 
conductor 554 contact I{} o relay PIS (43), con- 
ductor 4{}{}, contact 9 of relay UXD(44), conduc- 
tor 44}{}, .contact 2 of key XDD(43), conductor 
43{}1, contact 2 of key 0TD(25), contact 2 ofkey 
TD(25), contact 2 of key 5TD(25), conductor 
2503 brush TCD(IT) in position 8 (assuming 
that the trunk closure delay was.correct), contact 
2 and winding of relay TDE(17) to battery. 
lay TDK(17) operates and closes a circuit from 
ground over contact 4 of key iVIFI(25), conductor 
2{}5, contact 4 of relay TDE(17), contact 3 of re- 
lay Dl(17), contact  of relay D2(17), con- 
ductor I]{}8, contact 3 of key MAN(25), contact 
 of .key MFRç25), contact 4of key DC1(25), 
conductor 211, contact 2 of key LPD(43) to bat- 
ery through the winding of relay TCD43). 
At ifs contacts 7 and , relay TCD(43) trans- 
fers the biasing circuit of. relay L(55) from 
tery through resistance BB(43) fo battery 
through resistance BA(43) thereby increasing the 
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release bias on relay L(55), butrelay L(55) re- 
mains operated. 
With relay L(55) operated, the operation of re- 
lay TCD(43) closes a circuit from ground over 
contact 2 of relay L(55), conductor 5504, contact 5 
! of relay LP(55), conductor 5505, contact 3 of 
relaY TGT(42), conductor 420, contact 3 of relay 
TCD(43), con0:uctor 43, winding of relay 
L! (57), in parallel fo battery through resistance 
BH(57) and through the winding oî relay ]0 
RS1(57). Relay RSR(57) operates slowly and 
relay L! (57) operates quickly to prevent a pre- 
mature operation of relay RA(57). With both 
relay L! (57) and. relay RSR(57) operated, a cir- 
cuit is closed îrom ground at contact 2 oî relay 15 
RS1(57), contact 2 of relay L! (57) through the 
winding of relay L2(57). lelay RSR(57) also 
closes a circuit from ground over ifs contact !, 
contact 2 of relay RA(57) to battery through the 
winding of relay RA (57). The dial pu]se check 0 
circuit is now ready to receive dial pu]ses. 
For each pu]se oî a digit, the sender opens the 
connection between conductors !4{)5 and 09, 
causing relay L(55) to release, opening ifs con- 
tact 2 and closing its contact !. When relay 25 
L(55) opens its contact 2, relay L!(57) releases 
but relay RSR(57) which is slow fo release holds 
over the interruptions of its circuit due fo dial 
pulses. Relay L(57) in turn releases relay 
L2(57). Relay L!(57) also closes a circuit from 30 
ground af contact 2 of relay SS(57), contact ! 
of relay L!(57), to battery through the upper 
winding of relay RA(57). lelay 1A(57), be- 
cause of its short-circuited lower winding is slow 
fo release and remains operated throughout the 35 
digit. Relay RA(57) opens the circuit of relaY 
RA! (57) causing the latter relay to release. 
When relay L(55) closes ifs contact !, it com- 
pletes a circuit îrom ground over its contact !, 
contact of relay LP(55), conductor 5506, con- 40 
tact  of relay UXD(44), conductor 40!, contact 
! of relaY DPS(43), conductor !4, contact 3 of 
relaY RSR(57), contact ! oî relay L5(57) to bat- 
tery through the winding of relay L(57). Relay 
L3(57) operates and closes a locking circuit for 45 
itself îrom battery through its winding, lower 
winding of relaY L5(57), contact ! of relay L57), 
contact  o£ relay L3(57), in parallel over con- 
tacts of relay L2(57) and contact  of relay 
RA(57) fo ground ai contact 2 of relay RSR(57). 50 
Relay L5(57) does hot operate in this locking cir- 
cuit since if is shunted by the operating circuit of 
relay L3(57). 
At the end of the first pu]se, relay L(55) opens 
its contact ! and closes its contact 2, reoperating 55 
relays L!(57) and L2(57). The opening of con- 
tact ! of relaY L(55) opens the operating circuit 
of relay L3(57) and permits relay L5(57) to op- 
erate. 
With relay L5(57) operated, a circuit is closed 60 
from ground at contact 2 of relaY RSR(57), con- 
tact 3 of relay RA(57), contact ! of relay 
BDT(57), conductor 5760, contact of relay 
DK(56), conductor 560{}, contact 4 of relay 
L5(57), conductor 570!, contact 6 of relay 65 
P4(56), contact  of relay P2(56), contact 2 of 
relay P3(56), contact ! of relay P5(56), to bat- 
tery through the lower winding of relay P (56). 
RelaY P! (56) operates and locks over a circuit 
from battery through its upper winding and its 70 
contact 3, contact 2 of relay P2(56), contact of 
relay P3(56), contact 2 of relay P4(56), contact  
of relay P5(56), conductor 560!, contact 2 of re- 
lay RA!(57), to ground af contact ! of relay 
RSR(57.) A branch of this locking circuit ex- 75 
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tends over conductor 6602 to contact 3 and the 
winding of relay P!A(57) operating that-relay, 
which locks over its contact 4 and conductor 
5702 to ground af contact 5 of relay DPR(43). 
Relay P!A(57) in operating closes a circuit 
from ground over contact ! of relay RSR(57), 
contact ! of relay RA!(57), contact ! of relay 
P!A(57), conductor 5703, to battery through the 
winding of relay RA2(56). Relay RA2(56) op- 
erates and locks over its contact 5, conductor 
5603, contact 3 of relay PH(57), to ground on 
conductor 5702. 
When relay L(55) releases af the beginning of 
the second pu]se, relays L! (57) and L2(57) again 
release, and ground is again connected to con- 
ductor 43!4, completing a circuit over contact 3 
of relay RSR(57), contact 2 and upper winding 
of relay L5 (57), upper winding of relay L4 (57) to 
battery. Relay L5(57) is held operated and re- 
lay L4 (57) operates, closing a locing circuit for 
itself from battery through its lower winding and 
over its contact 2, contact 2 of relay L3 (57), con- 
tact 3 of relay RA(57) to ground af contact 2 of 
relay RSR(57). Af its contact !, relay L4(57) 
opens the locking circuit for relay L3 (57) which 
releases and opens the locking circuit for relay 
L4(57) so that relay L4(57) is held only under 
the control of relay L(55). 
Af the end of the second pu]se, relay L(55) 
reoperates, opening the circuits of relays L5(57) 
and L4(57), restoring these relays fo normal. 
With relay L5(57) released, a circuit is closed 
from ground on conductor 5600, contact 3 of re- 
lay L5(57), contact 3 of relay RAI(57), con- 
ductor 5704, contact 5 of relay P! (56) to battery 
through the winding of relay P2(56). lelay 
P2(56) operates, locking over its contact 3, con- 
tact 4 of relay P3(56) and thence as traced for 
the locki circuit of relay P! (56) fo ground ai 
contact ! of relay RSR(57). At iks contact 2, 
relay P2(56) opens the locking circuit of relay 
P! (56) which releases. 
With relays L3(57), L4(57) and L5(57) re- 
leased, the release of relay L(55) in response to 
the third pulse operates relay L3(57) and its re- 
operation af the end of that pu]se oPerates relay 
L5(57). Af the beginning of the fourth pu]se 
relay L4(57) is operated, relay L3(57) released, 
and relay L5(57) held operated, and af the end 
of that pu]se relays L4(57) and L5(57) release. 
It will be apparent, therefore, that af the end of 
each odd pulse relay L5(57) is oPerated, ground- 
ing conductor 570! and at the end of each even 
pu]se relay L5(57) is released, grounding con- 
ductor 5704. 
Ground on conductor 570! af the end of the 
third pulse is extended over contact 6 of relay 
P4(56) and contact 5 of relay P2(56) to battery 
through the winding of relay P3(56). Relay 
P3(56) operates, locks over its contact 5, con- 
tact 2 of relay P4(56), and contact 4 of relay 
P5(56) fo g'round over conductor 560!, and opens 
the locking circuit of relay P2 (56) which releases. 
Ground on corductor 5704 af the end of the 
fourth pu]se extends over contact 6 of relay 
P3(56), fo battery through the winding of relay 
P4(56). P4(56) locks over its contact 3 and con- 
tact 4 oî relay P5(56) to conductor 5601 and 
opens the locking circuit of relay P3 (56) causing 
that relay fo release. 
With relay P4(56) operated, ground connected 
to conductor 570! following the fifth pu]se is ex- 
tended over contact 5 of relay P4(56) fo battery 
through the winding oî relay P5 (56) which oper- 
ates. Relay PS(Sô) locks over contact 6 of relay 
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P.!56) and contact 6 of relay P.6(56) to con- 
ducter 5501 and releases relay P4(56). 
With relay P5(56) operated, ground connected 
to conducor 5104 ai the end of the sixth 
pulse is extended over contact 6 of relay P5(56), 5 
o battery through the lower winding of relay 
P6(56). Relay P6(56) locks through ifs upper 
winding.and over its contact 3 fo conductor 5601, 
and closes a circuit from ground over ifs contact 
4 to battery through resistance BK(56) and the 10 
winding of relay P6A(56) in parallel. Relay 
P5 (56) remains operateoE 
Ai the end of the seventh pulse, ground con- 
nected to conductor 510! is extended over con- 
tact 6 of relay P4(56), contact 6 of relay P2(56), 15 
contact 2 of relay P3(56), contact ! of relay 
P6(56) to battery through the lower winding of 
relay P!(56). Relay P1(56) opens the locking 
circuit of relay P5(56) which releases, after 
which relay P| (56) tocks in the circuit previously 2O 
traced. 
The eightîn, ninth and tenti puises cause the 
operation of relays P2(56), P3(56) and P4(56) as 
described for the .second, third and fourth pule,. 
Ai the end of a digit, lrelay L(55) remains oper- 25 
ated, holding relay L|(57) operated for a suf- 
ficient interval fo permit relay RA(57) fo release. 
With relay RA(57) released, a circuit is closed 
te determine .that the checking relays are normal. 
This circuit may be trced from ground over con- 3O 
tact 3 of key PAK(54), conductor 640|, contact 
 of relay P|A(57), conductor 595, contact 2 of 
relay RA2(56), conductor 55{}4, contact 4 of relay 
1A157), conductor 5155, contact .| of relay 
C(56), contact 2 of relay G1-(56), contact 5 of 35 
relay G2(56)., contact 5 of relay G4(56), contct 
3 of relay G(56), conductor 5605, contact 5 o£ 
relay PH(5), contact I of relay PKD(57), con- 
tact I of relay PKDI (57)., conductor 55I, to 
hattery-through the winding of relay DK(56). 40 
-Relay DK(56) operates in this circuit and locks 
over its contacts I and , contact I of relay 
tA2(56), conductor 5656 fo ground at contact I 
of relay RS1(57). At2ts contact 6 relay DK(56) 
opens the circuit of rela LBC(57) but that relay 45 
is slow to release and remains operated for an 
lnterval. Ai its contact 5, relay DK(56) connects 
ground on conductor 555 fo conductor 5555 and 
thence.over contact  of relay RA(57) fo battery 
£hrough the winding of relay BDT (57). 50 
With relay DK(56) operated, two checking cir- 
cuits are closed ïor checking the digit received 
against the digit set up on the key-set. Assum- 
ing that the first digi of the code used for this 
call is the saine as previously used, n3nely 4, and 55 
that relay P4 (56) was operated in response to the 
reception of four puises from the sender, one cir- 
cuit will be ciosed from ground over contact I, 
of relay UXD(44), conductor 4402, contact 2 of 
relayDK(569, contact , of relay P456), fo bat- 60 
tory through the winding of relay G4(56) and in 
paralel therewith over contact 6 of relay 
RA656), conductor 2354through cable 23-56, 
contact 3 of key 1{}0, conductor 04 contact I of 
relay NSK(32), conductor 32|0, through c3ble 65 
32-, ,brush DPK3(42) in position 1, conductor 
4205, to buttery through the winding of relay 
PKD(57). A second circuit will be closed from 
ground over contact .|| of relay UXD(44), con- 
ductor 442, contact 3 of relayDK(56), contact 47O 
of relay P4(56)., contact 3 of relay P6A(56) fo 
battery through the winding ofrelay G0(56) and 
in 9aral,lel therewith over contact 9 of relay 
RA2(56), conductor 235{} through cable 
cantac 4. of k.ey 50, coDductor 3, contact .2 of 75 
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relay NSK(32), conductor 3211 through cable 
32-42, brush DPK(42) in position 1, conductor 
20, to battery ttn'ough the winding o relay 
PKD| (57). 
If relays PKD(57) and PKD| (57) both operate 
and two of the relays G5(56) fo G/(56), neither 
more nor less, operate, a circuit is closed from 
ground over contact 3 of key PAK(54), conductor 
5, contact 2 of relay P|A(57), conductor 
contact 2 of relay 1A2(56), conductor 5604, con- 
tact 4 oï relay 1A(57), conductor 5106, contact 2 
of relay G0(55), contact 5 oî relay GI (55), con- 
tact I of relay G2 (55), contact 2 of relay G4 (56), 
contact I of relay G1(56), conductor 5609, con- 
tact 2 of relay PKD(57), contact 2 of rela,v 
PKD(57), conductor 500, contact 0 of relay 
TCD(43), conductor 435 fo battery ttn'ough the 
winding of relay PH (57). 
lelay PH(57) operates and locks over ifs con- 
tact 4, conductor 4305, back contact of magnet 
DPK(42), conductor 4201, contact 6 of relay 
P1(43) fo ground ai contact 4 of re]ay 
DPl(43). lelay PH(5) closes a circuit from 
ground over contact 4 of relay DKA(55), con- 
ductor 5505, contacts I and 2 oï relay PH(57), 
conductor 4306 fo battery through the winding of 
magnet DPK(42). Ai its contact 3, relay PH(57) 
opens the locking circuit of relay 1A2(56) which 
releases, in turn releasing relay DK'(56). 
With relay PH(57) operated, fo indicate a digit 
check, if closes a circuit ïrom battery through the 
winding of relay LBC(57), contact 5 of relay 
PH(57) fo ground over conductor 5501, which cir- 
cuit becomes effective fo hold relay LBC(57) 
operated before suiïicient rime bas elapsed, fol- 
lowing the operation of relay DK(56), fo permit 
slow-to-release relay LBC(57) fo rele3se. 
lelay DK(56) in releaæing also releases relays 
G0(56), G4(56), PKD(57) and PKDI (57), opens 
the circuit of relay BDT(57), which releases 
slowly, and recloses the circuit o relaï¢ LBC(57). 
The release of relays G0(56), etc., opens the oper- 
ating circuit for relay PH(57). 
When magnet DPK(42) operates in the circuit 
above traced, if opens the locking circuit for relay 
PH(57) and that relay releases, in turn releas- 
ing magnet DPK(42) to advance switch DPK(42) 
fo position 2. 
When relay BDT(57) now releases the circuit 
is ready fo receive the next digit. 
If the sender starts fo send out the next digit 
prematurely, that iæ, before relay BDT(57) re- 
leases, a circuit is closed from ground over con- 
tact 2 of relay RS1(57), contacts of relay L2 (57) 
released, contact 2 of relay BDT(57) fo battery 
through the winding of relay BDF(57). Relay 
BDF(57), if operated, lights lamp BDF(57), locks 
over ifs contact | to ground ai contact 2 of relay 
1S1(57) and connects the winding of relay 
BDT(57) fo ground on conductor 550, holding 
the latter relay operated. 
If the digit f321s fo check, relay LBC(57) re- 
leases after an interval and connects ground fo 
contacts of relays G0(56) fo G(56) fo light 
lamps of Fig. 48 which correspond fo the oper- 
ated relays 3md indicate the digit received. 
also cormects ground on conductor 552, contact 
5 of relay PIA(57), contact 2 of relay LBC(57), 
conductor ||23 through cable 
of relay MAN(ll), contact  of relay SK2(11), 
conductor 5{}5 fo battery through the lower wind- 
ing of relay BLK(ll) fo battery fo block the test. 
Assuming that the digit checks properly,-the 
test circuit proceeds fo check each of the suc- 
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Ceeding digits in- substantially the manner de- 
scribed. 
Assuming that no stations digit bas been set 
up, when switch DPK(42) is advanced to posi- 
tion ! i, a circuit is closed from ground over con- 
tact 2 of relay DPR(43), conductor 43}4, brush 
DPK2 (42) in position ! i, conductor 238} through 
cable 23-42, contact 3 of relay STA(24), conduc- 
for 2g}4 through cables 8-24 and 38-32, con- 
tact  of key LPD(43), contact  of relay 10 
P1S(43), conductor 31S, contact 4 of key 
2OC(44), contact ! of key 8X1(44), conductor 
3S02, contact S of relay 8P2(4), conductor 
to battery through the winding of relay SK2 (11) 
fo indicate the successful completion of the out- 
puising check. 
With relay SB:2(11) operated the test of the 
sender SL relay is ruade, lelay SLK(13) was 
operated and locked following the trunk closure 
delay test and relay RLK(ll) was operated fol- 
lowing the completion of in-dialing. With relay 
SLK(13) operated, conductor ii0 is connected 
fo the winding of relay KT(13) and conductor 
4! ! is connected fo the winding of relay KR(13) 
as previously described. When relay TCD(43) 
operated following the trunk closure delay test, 
the windings of relays KT(13) and Kl(13) were 
connected over conductor 3{}4, contact 9 of relay 
TCD(43), conductor ||, contact 5 of relay 
KTR(13), conductor 3}8 fo battery through re- 
sistance BD(6). When relay SK2(ll) operates, 
ground is connected over off-normal conductor 
89, contact ! of relay BLK|(ll), contact ! of 
relay I%LK(ll), contact 3 of relay SK2(ll), con- 
ductor 02, to the contact of relay KT(13). 
Battery through the windings of relays KT(13) 
and Kl(13) connected fo conductors 4@ and 
! ! ! operates the SL relay of the sender through 
ifs high resistance winding. When dialing is 
completed ground is connected through the low 40 
resistance winding of the SL relay in parallel 
with the high resistance winding of that relay 
and marginal relays KT(i3) and KR(13) oper- 
are, completing a circuit from ground connected 
fo conductor 382 as above traced, over contact 
of re!ay KTçlS), contact of relay KI(13), con- 
ductor $8, contact ! of relay IOL(6), con- 
ductor 883, contact 5 of key GTS(14), conduc- 
for |0 fo batery through the winding of relay 
KTR(13). 
Relay B:TR(13) locks over its contact 6 to 
ground on conductor 8 and disconnects bat- 
tery from the windings of relays KT(13) and 
Kl(13) fo cause the sender fo release. The 
restoration of the test switches and the advance 
of the sender selector take place as previously 
described. 
Simlex daling 
ï£ the designation set up on the key-set is one 6O 
which requires simplex out-dialing, key SXD(43) 
is operated and relay SX(43) operated in place 
oï relay LP(55). With relay SX(43) operated, 
the operating circuit for relay L(55) extends 
from conductor 4} fo conductor 
traced nd thence over contact 4 of relay SX(43), 
contact 0 of relay OPT(43), contact  of relay 
TCD (43), conductor 3, upper winding of relay 
L(55) and thence fo bttery. onductor 
is not connected to ground af this time, but when 70 
the sender closes the trunk for this class of ca]/, 
it connects low voltage battery fo conductor }, 
operating relay L(55) which operates relay 
TDK(lï), relay TDK(lï) in turn operating relay 
TCD(43). 75 

Relay TCD(43) alters the bias on relay L(55) 
as described and transfers the operating wind- 
ing of relay L(55) to conductor 22 over contact 
8 of relay TCD(43), contact  of relay SX(43) 
and contact  of relay OPT(43). Conductors 
488 and 409 to which conductors 22 and!228 
are connected, are connected in simplex in the 
sender but are used separately in the test circuit 
fo test each conductor for continuity. The 
change in the bias on relay L(55) under the 
simplex dialing condition is sufficient to cause 
relay L(55) fo release and close its contact 
With relay SX(43) operated, relays L|(57) 
and 1SI(57) operate in a circuit which extends 
as previously traced fo conductor 8 and thence 
over contact 2 of relay SX(43) and conductor 
38 fo ground af contact ! of relay L(55). 
For simplex pulsing, the sender connects 
ground through a resistance fo conductors 
and 4{}9, operating relay L(55) ai each puise. 
When relay L(55) closes ifs contact 2, if con- 
nects ground over that contact fo conductor 04, 
over contact 3 of relay SX(43) fo conductor 
and thence as previously traced fo the winding 
of relay L3(Sï). lelays L3(Sï), L4(Sï) and 
LS(Sï) respond fo closures of the front contact 
of relay L(5) fo count the incoming pulses as 
previous]y described, and the operation of record- 
ing and checking the designation takes place as 
described for loop dialing. 
Direc-curren code out-pulsng 
The senders being tested are also equipped, fo 
send out designations by means of direct-current 
code pulses. Since this type of pulsing is used 
fo set outgoing senders which in general control 
local or tandem offices, it wlll be assumed tht 
only the office code and numerical designation are 
fo be sent fo and received from the sender and 
that therefore no ke.vs are o»erated in the area 
code key sers ACA(6), ACB(6) and ACC(14) so 
that relays ACA(8), ACB(8) and ACC(16) arenot 
operated. For convenience if will be assumed that 
the saine office code and numerical keys are op- 
erated, although if wfll be understood that, in 
practice, the keys fo be operated will be deter- 
mined by the codes corresponding fo such càlls 
in the particular office where the test circuit is 
installed. 
Assuming also that the sender under test is fo 
be set by multifrequency pulses, relay IMF(18) 
will be operated to control the setting of the 
sender and key DCR(25) will be operated to pre- 
pare the test circuit to receive direct-current code 
puises. 
The seizure of the sender and the test of the 
control conductors and class registration take 
place as previously described. 
With key DC1(25) operated, as soon as off-. 
normal relay ON(ll) operates, conductor 88 is 
grounded, completing a circuit over contact 2 of 
key lYIAN(25), contact 2 of key MFR(25), con- 
tact ! of key DC1%(25), conductor 2580 through 
cable 39-48 fo battery through the winding of 
relay DCR(41). l%elay DC1%(25) closes a circuit 
from ground over ifs contact , conductor 
through cable 9-48, brush DCK| (39) in ifs nor- 
mal position, conductor 3088, back contact and 
winding of magnet DCK(39) fo battery, operat- 
ing magnet DCK(39) in a self-interrupting cir- 
cuit fo advance switch DCK(39) fo position 1. 
Conductor 380 also extends through cable $-4! 
fo battery through the winding of relay DKG(41) 
which operates and then releases when switch 
DCK(39) advances fo position 1. 
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lelay. DCI(41) closes a circuit from ground 
over ifs contact 6 through the winding of relay 
PDC(41) fo battery through resistance BH(41). 
I-Iowever, since relay ACA(8) is not operated, re- 
]ay DCR(41) af ifs contact 7, which closes before 
contact 6 closes, connects ground fo conductor 
41D! which extends through cable 39-4! over 
brlsh DCK-(39) in ifs normal position and posi- 
tion 1, conductor 2379 through cables 23-9 and 
8-24, contact 2 of relay ACA(8), conductor 895, 
thr0ugh cables 8-2 and 0--, contact 3 of key 
AAC(30), conductor 404, contact 3 of key 
])C1(25), conductor 252, through cable 3-4, 
over contact  of relay PDC(41) to battery 
through resistance BH(41) in shunt of the wind- 15 
tng of relaY PDC(41) fo prevent that relay from 
operating and over contact ! of relay PCD(41) fo 
conductor 900 and the self-interrupting circuit 
of magnet DCK(39). Therefore when switch 
DCK(39) reaches position 1, magnet DCK(39) is 20 
again operated and released, advancing switch 
DCK(39) to position 2. 
In position 2, with relay ACB(8) hot operated, 
the shunt and magnet operating circuit above 
traced extends over brush DCK2(39), conductor 25 
-7! through cables --39 and 8-2, contact - of 
relayACB(8), to conductor 80. Brush DCK2(39) 
bidges its contacts so that the shunt does hot 
open as the switch advances fo position 3. In 
this position, the shunt extends over brush 30 
E)CK2(39), conductor -372 through.cables 
and 16-24, contact - of relay ACC(16) to con- 
ductor $0 causing switch DCK(39) to advance 
t0:p0sition 4, where the shunt is opened since re- 
la OCA(16) is operated, and relay PCD(41) op- 35 
erates, opening the operating circuit of magnet 
E)CK(39), leaving switch DCK(39) preset in po- 
sition 4. 
.le!ay PCD(41) operated closes a circuit from 
ground af contact 4 of relay TDS(17), conductor 40 
!_0, co_ntact  of .elay PDC(41), conductor 70 
contact D of relay IMF(18), conductor 800 to 
batterythrough the winding of 'elay 1VIFA(26). 
1R_e!ay 1VIFA(26) in turn operates relay 1VIFS(29) 
which starts the presetting operation for switc h 45 
Ml(21). lelay 1VIFS(29) closes the circuit for 
relay 1VIPS(29) and the operating circuit for mag- 
net MFP(21) for advancing switch lVIF(21) fo 
position 2 as previously described. I n position 2, 
With no area code set up, an operating circuit for 50 
magnet 1W_FP(21) and a shunt around the winding 
ofrèlay iVIPS(29) is closed from ground af con- 
tact 6 of relay 1VIFS(29), conductor 90, brush 
M_FP2 (21) in position 2, conductor  ! 2 , through 
cables 2-! and $-24, contact ! of relay ACB(8), 
conductor 240, contact - of relay 1VIFA(26), con- 
ductor 268, through cable 8-12, contact  of 
lay MPS(29) to battery through resistance 
BT(29) in shunt of the winding of relay M_PS(29) 
and from conductor 260 over contact 2 of relay 
MPS(29) and conductor 2902, fo the back contact 
and winding of magnet M_FP(21) and batterY. 
Magnet MFP(21) operates and advances switch 
IviFP(21) fo position 3, where the circuit for m.ag- 
net IvIFP(21) and the shunt around relay 
iviPs(29) extends over contact 3 of brush 
IViFP2 (21), conductor 3 ! 22, through cables 2 !  ! 
and !6-24, over contact ! of relay ACC(16 to 
conductor 20. Switch 1VIFP(21) is therefore 
advanced to position 4 and then to position 5 '0 
over the circuit by which if was advanced fo po- 
sillon 1. In position 5 no shunt is closed around 
the winding of relay iVIPS(29) and that relay op- 
erátes, opening the circuit of magnet MFP(21) 
and leavin switch MFP(2i) preset in position 5. 

The transmission of the designation to the 
sender takes place as previously described, start- 
ing with the lïrst office code digit. 
For this type of call, trunk closure is indicated 
- by the operation of relay TCK(17) as described 
for the multifrequency out-pulsing, relay 
TCK(17) operating 'elay TDK(17) if the trunk 
closure delay is satisfactory. With relay 
TDK(17) operated, a circuit is losed from ground 
over contact 4 of key 1-P,(25), conductor 
contact  of relay TDK(17), contact S of relay 
DI! (17), contact 3 of relay D12(17), conductor 
!709, contact  of key MAN(25), contact  of key 
1VIFl(25), contact  of key DC1(25), conductor 
-S!S throu2h cable $9-4!, contact  of relay 
PDC(41), conductor !D2 through cable $2-S to 
battery through the winding of relay CTD(52). 
lelay CTD(52) closes circuits for operating 
two of the relays CS0(52) fo CS7(40) under the 
control of the key-set to prepare for checking 
the first digit. These circuits may be traced from 
ground over contact 7 of relay CTD(52), con- 
ductor 520! through cable 2-SS, contact - of 
relay STT(41), conductor 4!04 through cable 
$9-40, to brushes DCK4(39) and DCKS(39). 
With svitch DCK(39) in position 4, the circuit 
over brush DCK(39) extends over conductor 
!7 through cable 32-9, contact 8 of re]ay 
NSK(32), conductor 20-, contact  of key !$0!, 
conductor -302 through cables --0 and 
contact  of relay CTD(52), conductor $262 fo 
battery through the winding of relay CS2(40). 
The circuit over brush DCK(39) extends over 
conductor S-!G through cable 3-9, contact 7 of 
relay NSK(32), conductor S-0S, contact 3 of key 
!S!, conductor 2.% through cables 23-$9 and 
$9--, contact 4 of relay CTD(52), c0nductor 
5203 fo battery through the winding of relay 
CS4(40). lelays CS2(40) and CS4(40) are 
erated fo indicate the digit set up on the first 
office code key-set. 
The test of the SL relay of the sender takes 
place as for multifrequency out-pulsing after 
which relay 1VIFT(13) is operated as previously 
described. With relay 1VIFT(13) operated, relay 
CTD(52) closes a circuit from conductor 
leading to the sender, contact 4 of relay SKi 
conductor 09, contact 8 of relay SpA(12), con- 
ductor !2$, contact !! of relay CTD(52), con- 
ductor 29D, contact ! of relay 1B(53), conductor 
0!, contact ! of relay LBF(41), contact 6 of 
relay KR(41), contact - and winding of relay 
KC!(41) ; contact ! of relay KIt!(41), contact 
. of relay KRL(41), conductor ! 0, through cable 
2-3, contact $ of relay CTD(52), conductor 
!398, contact ! of relay MFT(13), contact g of 
relay IA3A(13) fo ground on conductor 
Ground on conductor 4!0 extends over contact 
of relay KC! (41) and contact ! of relay CST(41) 
fo battery through ]amp AS(41). 
When the sender is ready fo send out pulses, 
lïrst connects 24-volt battery to conductor 
operating relay KC!(41) which locks over its 
contact  fo battery through resistance BU(41) 
and extinguishes lamp AS(41). Af its contact 
it extends the circuit from conductor !408 over 
conductor 4!9, contact ! of jack l:P(40), wind- 
ing of polarized relay l:P(40), contact 2 of jack 
PP.(40), winding of marginal relay l:M(40) fo 
24-volt battery, lelay KC!(41) also closes a 
circuit from conductor !g99 leading fo the sender, 
over contact  of relay SK!(4), conductor 
contact  of relay SPA(12), conductor !-27, con- 
tact !2 of relay CTD(52), conductor 20 through 
cable 5-, contact 3 of relay FB(53), conducto 
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S{}2, contact 4 of relay LBF(41), contact ! of 
relay Kl%L(41), contact ! of relay KC! (41), con- 
ductor 4106, winding of marginal relay TNI(5.), 
contact ! of jack TP(5.), winding of polarized 
relay TP(5.), contact 2 of jack TP(5.), winding 
of sensitive relay TS(5.) to 24-volt battery. 
lelay KC(41) also connects ground from 
conductor 03 over its contact 4, contact ! of 
relay STK(41), contact 3 of relay STT(41), con- 
ductor 402 through cable 39-4! to brush 
DCK6(39) and over conductors of cable 3-39 to 
light the progress lamps of Fig. 31. 
Following is a table showing the conditions 
applied by the sender to conductors 406 and 
409 for each of the digits, the relays operated 
in response thereto, as well as the relays operated 
over the test circuit key-sets for the correspond- 
ing digits: 

Digit 

Condition Con- I 
nected to 
Conductor RelaYSsonder0perated by 

1409 18 

rï s-rïI ................... 
rïs-rïp ................... 
rïs-rïl-T p .............. 
:fS RP ........ 
TS RI ........ 
TS-Ti[ RI ........ 
rïS-TP RI ........ 
T S-TI-T P RI ........ 
TS RiI-RP. __ 

Relays 0p- 
erated by 
Test Circui 

CS4-CS7 
CS0-CS1 
CS0-CS2 
CS1-CS2 
CS0-CS4 
CS1-CS4 
CS2-CS4 
CS0-CS7 
CS1-CS7 
CS2-CS7 

In the foregoing table L+ (light positive) in- 
dicates ground through a high resistance, H÷ 
(heavy positive) indicates ground through a low 
resistance, L-- (light negative) indicates 48-volt 
battery through a high resistance and H-- (heavy 
negative) indicates 48-volt battery through a 
low resistance. 
When relay KC(41) operates, substituting 
24-volt battery for ground on conductor 
a relay in the sender operates to initiate the send- 
ing of the designation, but relay TS(52) does 
hot operate. 
When the sender sends out the first digit, 
which bas been assumed to be the digit 6, as 
shown in the above table, low resistance ground 
will be connected to both conductors 1408 and 
1409 and relays TS(52), T1VI(52) and RM(40) 
will be operated. 
Since relays TS(52), TX(52), TP(52), lM(40) 
and lP(40) differ as to type, code and adjust- 
ment, it is necessary to delay the check of their 
armature positions until it is certain that the 
slowest of them wil! bave operated. Since relay 
TS(52) is operated for every signal, this relay 
is used to obtain the delay. When relay TS(52) 
operates, it closes a circuit from ground at con- 
tact S of relaY DCI(41), conductor 408, con- 
tact ! of relay TS(52), conductor S26S, contact 2 
of relay FRl(53), conductor 58, contact 
of relaY DCR(41), contact ! of relay STT(41), 
conductor 68, in parallel over contact ! and 
through the upper winding of relay KK(53) to 
battery, and through the winding of relay 
1(53), to conductor S22 and resistance BJ(53) 
to battery. 
Ground connected to conductor 48 as above 
traced also extends over contact ! of relay 
KK(53), conductor 5}4, through cabte 
contact 6 of relay CTD(52), conductor .98S to 
battery through the winding of magnet DCK(39) 
and over the back .contact of that magnet to 
conductor 900 which extends through cable 

39-4i in paraliel to battery through the windlng 
of relay DKG(41) and over contact 9 of relay 
DC1(41), conductor 5206, contact 0 of relay 
CTD(52), conductor 5202 through cable 52-53 
5 to battery through resistance BJ(5) in shunt of 
the winding of relay F1(53). 
Relay KK(53) operates, locking in a circuit 
from battery through its lower winding and over 
its contact 3 to ground on conductor ! ! 04. Relay 
10 KK(53) at its contact 2 connects conductor 
52G to conductor 504 to tender the circuit of 
magnet DCK(39) independent of relay F11(53). 
Magnet DCK(39) operates, openingat ifs con- 
tact the shunt around relay FR(53) which now 
15 operates. The sequential operation of relay 
TS(52), magnet DCK(39) and relay FI(53) al- 
lows sufficient rime for the pulse receiving relays 
to reach a steady state. 
lelay F1(53) at its contact 5 closes an oper- 
20 ating circuit for relay FRl(53) which operates. 
and locks over its contact 3 to conductor 
under the control of relay TS(52) and then at 
its contact 2 opens the operating circuit for 
relay F1(53). 
25 At its contact , re!ay FR(53) cormects ground 
through the upper winding oï relay TM.K(53) 
and resistance BQ(53) fo battery. At its con- 
tact 2, relay FR(53) connects ground through 
the upper winding of relay TPK(53) and resist- 
30 ance BR(53) to battery. At its contact .% relay 
FR(53) connects ground through the upper wind- 
ing of relay RMK(53) and resistance BS(53)- 
to battery. Ai its contact , relay FR(53) con- 
nects ground through the upper winding of relay 
35 lPK(53) and resistance BT(53) to battery. 
With relays CS2(40) and CS(40) operated 
rom the key-set and relays TM(51) and lM(40) 
operated by the first pulse as above described 
and relays TP(51) and RP(40) hot operated, a 
40 circuit is closed ïrom ground at contact 2 of 
relay CTD(52), conductor 626! through cable 
2-3, contact 2 of relay STT(41), conductor 
10 and thence in parallel over ïom" paths, one 
over contact  of relay CS2(40), contact 
45 re!ay CS4(40), conductor 4006, operated contact 
! of relay TM(52), conductor 
of relay STT(41), conductor 4169 to resistance 
BQ(53) in shunt oï the winding of relay 
TM:K(53). A second circuit extends rom con- 
50 ductor 4 over contact I! oï relay CS2(40), 
contact  oï relay CS(40), conductor 46H, nor- 
rnally closed contact 2 oï relay TP(52), conductor 
' 29 to battery through resistance BR(53) in 
shunt of the winding of relay TPI(53). A third 
55 circuit extends ïrom conductor 4 over con- 
tact 6 of relay CS2(40), contact 6 of relay 
CS4(40), operated contact 2 oï relay 1M(40), 
conductor 46}2 to battery through resistance 
BS(53) in shunt of the winding of relay 
60 RMK(53). The fourth circuit extends from 
conductor 4!4 over contact 6 of relay CS2 (40), 
contact 8 of relay CS4(40), normally closed con- 
tact 2 of relay RP(40), conductor 460, contact 
9 of relay STT(41), conductor 416, to battery- 
65 through resistance ET(53) in shunt of the wind-.. 
ing of relay RPK(53). Therefore none of the re-.. 
lays T1VIK(S3), TPK(53), RiVI:K(53) or lPK(S3 
is permitted to operate. 
In this way, for each digit the operation of 
70 the pulse receiving re!ays is checked against the 
digit set up on the corresponding key-set. 
If any one of the shunts is hot closed, the 
corresponding relay operates, locks, lights a lamp 
and operates relay LBF(41). For example, if 
75 relay TMK(S3) operaçes, iç locks throgh 



iower winding, and contacts 4 and , c0nductor 
5305. to ground at contact 2 of relay DCI(SS). 
Af ifs contact |, if lights lamp TM(SS) and,.when 
relay TS(52) releases, complotes a circuit fîom 
ground on conductor 4|0G, contact 2 of relay 
TS(52), conductor 52|0, contact 2 of relay 
RPK(SS), contact. - of relay RMK(52), contact 
3. of relay TMK(53), conductor 5306 fo battery 
thr0ugh the winding of relay LBF(41). Relay 
LBF(41), in operating, locks over its contact  
fo ground on conductor 530S and extends 
locking ground over. conductor 30| and contact 
| of relay SK2(11) fo cunductor S.to operate 
blocking relay BLIç(ll). In addition, if relay 
TM:K(53) is operated, if connects ground from 
conduct)r. 530S om. its contact  fo conductor 
2|S fo hold re!ay FRR(53) locked after relay 
TS(52) releases. 
A ïtu:ther check is ruade to insure that no ïa]se 
cross_conneotions exiSt in the wiring oï relays 
CS(52) fo CS(40). For this purpose, reláys 
KRP(40), K_RM(40), KTM(52) and KTP (52) are 
provided. The two sides oï the winding oï each 
relay are connected fo battery through resist- 
ances-and to the two contacts of the associted 
pu]se receiving relay. Iï only one contact oï a 
pulse receiving relay is grounded the associated 
cliecking relay operates, whereas if, because 
of a fa]se cross-connection, both contacts aê 
groundêd, the check relay cannot operate. For 30 
example; as above traced, conducor 400| was 
grounded over the contacts of.relays CS2 (40) and 
CS4(40). TherefOre» battery, through resistancê 
BZ|(52) is shunted y ground on Conducor 400| 
and relay KTP(52) operates in series with re- 35 
sistance BZ2 (52). If, because of some ïault, con- 
ductor 5|| were also grounded» ground would 
be connected fo both sides of the winding oï re- 
lay KTP(52:) ànd that relay could not operate. 
If relay KTP(52) ïails fo operate; when relay 40 
FlR(53) operates if connects grotu]d from con- 
ductor 4|04 fo conductor 07and over contact 3 
ofrelay KRP(40), contact 3 oï relay KRM(40), 
conductor 4004, contact 2 of relay KTM(52), 
contact | of relay KTP(52) fo conduct0r 305. 
and battery through the winding of relay 
LBF(41). Lamp PSY(40) is lighted whenever 
one of these check relays ïails fo operate. 
Assuming however that the digit is set Up 
properly and that it checks, when relay FR(53) 50 
releases, it opens the operating circuit for relay 
FRR(53) and, if the digit checks; when relay 
TS(52) releases af the end of the pulse relay 
FRl(53) also releases. 
The release oï reláy TS(52) opens the circuit 55 
of magnet DCK(39) advancing switch DCK(39) 
to position 5 where the next digit is set up on 
relays. CS0(52) to CS(40), the wiring checked 
and then the digit checked as described ïor the 
firs digit. The check oï the remaining digits 
takes place in the saine manner. 
Since no station's digit key was operated, when 
switch DCK(39) reaches position 11, a circuit is 
closed ïrom ground over contact I of. relay 
D¢R(41), conductor 4101 through cable 39-41, 65 
brush DCK2(39) in position 11, conduct0r 2.80 
through cable 23-3Z, contact  oï relay STA(24), 
conductor 2404, through cables -24 and 
contact 3 oï key DCR(25.), conductor 2512 
through cable -41, contact 2 oï relay PDC(41), 70 
to battery through the winding of relay STT(41). 
Relay STT(41) prepares ïor the check oï the 
start pIse ïrom the sende and opens the cir- 
cults:for operating relays CS(52) to CSI(40) 
nd relay-FR(53) .. The-strç pzlse comprises- a 7 

heavy positive- pUise, on conductor 1409., and à 
light negatiVe pu]se on conductor. 1408, therely 
operating relays TS(52), TM(52) and I:LP(40). 
With rêlay. STT(41) operated, the operation of 
relays TM(52) and RP(40) closes acircuit from 
ground af.contact  of relay STT(41), conductor 
4111, contact I of relay RP(40), conductor 403, 
contact 80f relay STT(41), conductor 4000,_con. 
tact 2 oï relay TM(52), c0nductor 52, contact 
of relay STT(41), conduct0r 4112, contact.4, of 
key FB(53), conductor 08, to battery through 
the winding of relay STK(41). Relay STK(41) 
operatês.in this circuit and 10cks over ifs contact 
2 fo ground on conductor 530§. 
When relay TS(52) releases, at the end of the 
sar pulse, a circuit is. closed from groUnd on 
conductor. 4100, contact 2 of relay TS(52), con 
ductor 5210, contact 2 of relay RPK(53), Contact 
2 oï.relay RMK(53), contact 2 of relay TMK(53)o 
contact 2 of relay TPK(53), conductor 539, con- 
tact 3 oï relay STK(41) fo battery through the 
winding.of relay CST(41). Relay CST(41) 
erates and locks over ifs contact  fo ground on 
conductor 5305. At ifs contact 4, relay CST(41) 
5.closes a circuit from ground over tla contact° 
contact 2 of relay KRI (41) fo battery through 
lamp KRL(41) and also over thebaclcontact of. 
relay DR(41) fo battery througl the Winding.of 
relayl:LPT(4i). 
lêlay RPT(41) ctoses a circuit from ground: 
over-contact 4 of relay CST(41), contact I of re- 
lay RPT(41), to battery through the vinding of 
relay KRL(41). Relay K_RL(41) operates and 
locks over ifs contact 4 and contact 2.of.relay 
KII (41) to ground af contact  Of relay CST(41). 
With relay KRL(41.) operted, the circuit oï 
lay KC| (41) is opened and that relay, releses. 
In áddition relay.KRL(41 transfers the pulSifg 
conductors 1408.and 1409, which extend s pre- 
viously traced fo the topmost armature and:the 
inner lower armature of relay KI:LL(41), from 
the puise receiving relays to 48-v01t bttéry 
through resistanceBK(41) and the lowerwind- 
ing of relay DR(41) respectivel.y. 
This connection of 48-volt battery o-the 
pulsing conductors simulates the action of-n 
outgoing sonder in sending a ley releasè signal 
fo the originating sender, In esponse fz his 
signal thê sonder should connect-low resigance 
ground fo conductor 1409 and opêrate relay 
DR(41) but should hOt advance t0 its trunl- cut 
through and sender release functions uni.1 
key release signal is terminàtèd. 
lelay Dl(41) in operating oPenS the Circuit of 
relsy RPT(41) Which reledses slowly fo measure 
a rime interval ifl vhich the sentier may gdvance 
if it fai]s fo wait for the end.oï- the.key relese 
signal If the sonder ïails to waît, relay SP(12)" 
will be relêased efore-relay RPT(4i) closes ifs 
contàct . :ssuming that the sender does 
a circuit is closed from ground at contact 4 of 
relay SP(.12), conductor ll.3 through cable 
9-4|, contact-2 of-relay I:LPT(41.), contact  of 
relïy KRT,(41.), to battery-throug.h the.winding 
oï relayIïl(4). Rèlay Kl:LI(41j operates 
16cks ovei" its. contact- 3 to gr0und ä contàt 
of relay CST(41.. 
With relay RPT(41) released, the operàting 
circuit of relay KRL(41) is opened and with re- 
lay K_RI (41) operated the locking circuit of relay 
KRL(41) is opened and relay KRL(41) releases. 
Relay KRI(41) also. opens the circuit of relay 
KCI (41) so Lhat relay KCI (41) cannot reoperate 
when relay KIL(41) releases. Relay KRL(41) 
disc0nnêcts the 48,voit key release signal from 
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57 
the sender, permitting the sender fo advance and 
release. In addition relay KR! (41) closes a cir- 
cuit from ground connected fo conductor 4103 as 
previously traced, contact § of relay KC|(41), 
contact 2 of relay CST(41), contact 4 of relay 5 
KRl(41), conductor 3602, contact 6 of relay 
SP2(4), conductor ll to battery through the 
winding of relay SK2 ( 11 ). 
The test of the release of the sender and the 
advance to the next sender take place as previ- 10 
ously described. 
Skip digits on out-pulsing 
Due to service requirements the number of 
digits pulsed into a sender and the number of 15 
digits pulsed out fromthe sender may differ. The 
principal variations to be expected and provided 
for in the test circuit are omitting the area code, 
or omitting both area code and office code where 
both area code and office code are sent to the 2o 
sender, converting .an office code to a different 
code, or adding an area code. 
To prepare for omitting the area code, the skip- 
three key SK(30) is operated, while to prepare 
for omitting both the area code and the office 25 
code, the skip-six key SK6(30) is operated. 
If the office code is to be converted into 
another code, a key in one or more of the 
key-sets CCI-I(6), CCT(6) and CCU(6) is oper- 
ated. If an area code is to be added key AAC(30) 3O 
is operated. In making any of the above tests, 
in order to be sure that the omitted digits bave 
been received correctly, key CDK(9) is provided, 
which causes the test circuit to make a no-skip 
test, prior to the skip test. 35 
Assuming now that the test designation previ- 
ously used represents a call requiring the pulsing 
out of only the numerical designation, keys 
SKi(30) and CDK(9) will be operated. In de- 
scribing the resulting operation if will also be 40 
assumed that the sender under test is one which 
is set by multifrequency pulses and is to send out 
multiïrequency puises, although it will be under- 
stood that the operation would be similar for 
other in-pulsing and out-pulsing combinations. 45 
With key CDK(9) operated, a circuit is closed 
from ground over contact ! of relay RZ2 (9), con- 
tact  of relay RZ(9), contact I of key CDK(9), 
conductor 901 through cable $0-2, contact  of 
key AAC(30) fo battery through the winding of 50 
relay NSKI(30). With relay NSKI(30) oper- 
ated, the circuit of relay SK0(30) is opened 
and the multifrequency pulse checking switch 
lVIFK(48) is preset as prevlously described. Re- 
lay NSKI(30) closes a circuit from ground over 55 
contact 2 of key SKi(30), contact  of relay 
NSKI (30) to conductor 30g leading to the mark- 
er so that when the sender is connected with the 
mrker it will receive a signal to send out the 
des]gnation as received. 60 
The test will progress as for the multifrequency 
test previously described. When the test is satis- 
actorily completed, relay CPT(11) is operated as 
previously described. With key CDK(9) oper- 
ated, instead of operating register CT(9), a cir- ¢5 
cuit is closed from ground over contact  of relay 
CPT(ll), conductor 2, contact 2 of key 
REP(), contact  of key IEP2(9), con- 
tact e of key CDK(9), contact  and wind 
ing o relay PW(9), fo battery through re- 7O 
s-stance BD(9). le!ay RW (9) operates in this 
circuit and locks in a circuit from battery through 
resistance BD(9), winding of relay RWI (9) and 
its contact 4, conductor 2, contact 2 of relay 
CA3(2) to ground af contact 3 of rela:7 IST(2). 5 

lelay RWl (9) also closes a circuit from batery 
thr0ugh resistance BC(9), winding of relay 
lZ! (9) over contact  of relay RW! (9) fo ground 
as above traced, but relay lZl (9) does hot oper- 
are, being shunted by ground from the operat- 
ing circuit of relay RWI (9) over its contact 2. 
In addition, relay RW! (9) closes a circuit from 
ground over its contact -, contact 5 of relay 
RZl(9), to battery through the winding of re- 
start register RST(9). Register RST(9) oper- 
ates, registering one repeat test and closing a 
circuit from ground over its contact, conductor 
3 to battery through the winding of relay 
CA2 (2). Relay CA (2) operates, grounding con- 
ductor l{} fo provide an operating circuit for 
relay CA! (2). Relay CAl (2) pefforms the func- 
tions previously described for restoring the ir- 
pulsing and out-puise checking switches to nor- 
mal as well as the trunk closure delay switch. If 
may be noted that no circuit is closed by relay 
CA(2) for operating relay SA(10) such as w.as 
closed by relay CA(11) ai the end of the single 
test so that the sender selector is hot advanced 
and the test circuit remains connected with the 
same sentier. 
When the test switches bave returned to nor- 
mal, relay oeT(11) releases, opening the oper- 
ating circuit of relay RWI (9) thereby permitting 
relay RZI (9) to operate over the locking circuit 
of relay RWI (9). Relay RZ! (9) opens the cir- 
cuit of register RST(9) and also the operating 
circuit for relay NSKI (30). The release of regis- 
ter IST(9) releases relays CA2 (2) and CA! (2),. 
permitting the second test to start. 
With relay NSK! (30) released and key SK@ (30) 
operated, as soon as relay ONl(3) operates, a 
circuit is closed over contact I of relay ON! (30), 
contact ! of relay NSKl(30), contact ! of key 
SKi(30) to battery through the winding of relay 
SK6(30). lelay SK6(30) operates ard closes a 
circuit over its contact 2 for operating relay 
SK (30). 
The release of relay NSKI(30) also discon- 
nects ground from conductor 0 so that the 
sender will function to send only the numerical 
digits. 
To preset the pulse checking switch iV/2(48), 
relay M-FR(37) is operated, advancing switch 
MFK(48) to position 1. The circuit of relay 
PMR(3) is closed as previously described. With 
switch iVIFK(48) in position 1, an operating cir- 
cuit for magnet 1VIK(48) may be traced from 
battery through the winding and over the back 
contact of that magnet, conductor 2 over con- 
tact I of relay P1VIt(3) fo conductor 21}8, this 
conductor being connected over contact 4 of relay 
PiVII(3/) to battery through resistance BT(3/) 
in'shunt of the winding of relay P1VIR(3/). Con- 
ductor 6 is connected over contact  of key 
Mt(25), conductor 2, contact 3 of relay 
SKi(30), conductor 210, through cable 
brush MFK (48) in position 1, conductor 311 to 
ground at contact  of relay MFR(3). There- 
fore switch MFK(48) is stepped to position 2 and 
relay PiV(3) remains unoperated. With 
switch 1VI:FK(48) in position 2, ground on con- 
ductor 31 is connected over brush iV/22(48) 
to conductor 2511 and over contacts 2 and  of re- 
lay SK3(30) to conductor, -0 to advance the 
switch to position 3. In position 3, ground on con- 
ductor l ! 3 is connected over brush MFK2 (48) to 
conductor 232 and over contact  of relay 
SK3(30) to conductor 20 to advance switch 
MlK(48) to position 4. In positions 4, 5 and 6 of 
switch iVIFK(48) ground is connected.over brush 
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.. _M_._ç2 (48) fO .conductm's 2373, 2374: and 2.315re- 
.sp¢ctvely, these c0nductol's extending throgh 
cb_l¢ 3-8, contac $,- and 5 o. relay SK$30), 
conÇacts ,  and  of relay .Cç (30) to conductor 
2,-cÇusing the advançe of switch (48) to 5 
pçtion7. In position 7, a!though conducr 
s-g!'ounded, sice relay TH(16) -is operated, no 
ccut is closed over this conductor, .witch 
MF(48)...comes to test in :posiMon ï, .and elay 
'M(37) 0perates. 10 
¢.emder of .$lle çest is the saine s 
çred, eçPt ta$ chking of the:-out-plsng 
sç Wt the fit nmercl dgit. 
15 
To estthe: abity 0fçhe- sonder ¢o substitute 
a-diffcrent oce codeor the code registered, 
¢y:SK (30)-d CDK(9) are operad. In addi- 
tion, accordin$-  he-test-code -ruires the send- 
Jg out-of on, two or three-sbstitute 
corrspoig keys-l'e-operated  set CCU(6), 
on-sers- CCT(6) and CCU(6) or o setsCCH(6), 
CCT(6) ad CCU(6). With any one of relays 
-CCH(8), CCT(8) orCCU(8) operated in response 
 the.operation of a key i the aSsociated ,key- 25 
set,-a ccuit is closed rÇm ground over contact 
5 o zelay ON I (30), conductor.3000 through.cablcs 
0-2 and 824,-contact 2 of-relay CCU (8), 
C(8)-or CCH(8),-conducr 806, through 
cablesS-24 and;30-32, contact 2 of keY AAC(30), 30 
fo batr F throu6h the widng of elay CC(30). 
 A. eDd-as-receivd test is-ruade as described 
for the skip-six st, ex¢eRt that, since 0ne or 
ore.o£ relays CCH(8), CÇT(8) and CCU(8) are 
çperated,- the. ¢ct for. operating relay NSK(3) 
ext¢dovercoducòr. 804 throqgh çable 
ççntact:2 0 ze]ay NI (30) fo g'oud t-contact 
I 0f TelaY ONI (30). 
 the.beiing of th seçOd or ç0de-c0nver- 
si0-tçst, relay NSKI (30) .is..relesed and re]Çy 0 
NSK(3) caot operate. A circuit is ç]0sed, 
çn.relay ONI (30) qperates for this est, fl'om 
gTod over c0act I of that relay, contact I' of 
rely-NSKI (30), contact I.of key SKi(30), con- 
ductor 3005-through cables 30-32-and 16-24 qver 
cta¢t. 5_o relay ACC(16), conductoT 1608, con- 
taç¢ 4-of-rtay ACB(Ç), contact 5 of Telay ACA(8), 
coDductorS01 throgh cables 8-24 and 30-32, to 
ba$¢rythrough the winding of relay SK6(30). 
Relay K6(30) oprats relay S3(30) aS pl'e- 
viously-described. Wth çlays SK6(30) and 
CC(0) both operad, a cil'uit is cl0sed from 
grod ov.eT.¢ontact I of relaySK6(30), contact 
I .0f.zl@y CC(30), coct0r 3008  battery 
throh the windings 0f relays CCL(31) and 
C.CA(32) in parallel, opeçatg hse.relays. 
ith r¢Iy.CÇL(31) 0perad, the crcuits Ol'- 
mly sed for lighting the-oce code lamps 
OÇA(31), OCB(31)- ad_OCC(3t) are 
to the c0de-conversion lamps CCH(31),CCT(3) 
d.CCU(31). 
Wiçh no rç code set np, the pue trnsmit- 
.çing_switch, for example swth (1) is pre- 
S¢ . position 4 to send out the first qf the oce 
code digi. 
W$ r¢]y 8K$(30) operad, thç pu]sin 
cheçki6- swh, or examp]e switch M(8) 
advanced toposition 4 under the contro] of re]ay 
SK3('30) as above describeff. Since relay CC30) 
. operad,-the circuits-closed by re]ay SK6(30) 
for advancing swih M(8) through posi- 
$ition  is connecd over-contact 8 of re]ay 
With re]ay CCA(32) operated, ground connect- 
ed fo oenductor $13 over bh (8)  po- 
sition  is connected over contact 8 of ze]ay 
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CCA(32),con._ducto_r:3204 throgh cable 824 ' fo 
the.back-cotact of-relay CCH(8) and ,ground 
cml_nec.tcd to con_dgctm- 2374 over brush 
1V[EK2(48) .in position5 is connected-over con- 
taçt 7 of .relay CCA(32) and conductor 
th.roqgh cable 8-24 o th¢ backcontact of re]ay 
CCT(8). The other sides of thesecontac--are 
connected to conductor-2404-and therefore, if 
]¢ss-than three code-conversion digits are fo be 
pulsed-out, switch M(48) .may be advanced 
one or two steps  the proper position to check 
the flrst digit to be rec¢ived. 
elay CCA(32).lso closes the pulse checkg 
.cct, ço be used in positions 4, 5 and 6 of swih 
(48) or of other, pse checking switches, 
the Codeconveri0n keyrse. With these 
clivages he opeçaton of the test circuit is as.pre- 
v$ously dçscribed. 
A'¢ Code 
I he test deslgntlon requfl'es tlt the sonder 
preux  ze code, 0 thé deslgnton 
zed when  ssnt out, key C(30) 1s opert- 
ed, no 'e code :s set up on the re code key- 
se, bu¢ the code o be prexed is set up on the 
code-conversion key-sets. The test deslgntlon 
1s set up on the oce code and numerlcl keys 
in the UI manner. 
Wth key AAC(30) 0perated and the code- 
conversioD key-set relays operated, a ccuit is 
closed from-ground over contact 5 of relay 
ONI(30),-conducoç 388 hrough cables 8- 
and 8-, over-coDtac . of l'elays CCA(8), 
CCB(8)-and CCC(8) in parallel, conductor 
through Obles 8r and.8-3, contact l..of key 
C(30),. conductor 881 to battery through the 
wngs of relys (31) and C($2) in 
prall¢l. Relay L(I) tral]sers the cir¢Bits 
used-for.lghting lamps ACA(3I), ACB(3i) and 
ACC(31) to lamps CCH(31), CCT(31) and 
CCU(31). 
tay C(32).at i contact  closes a circuit 
fo-relaF'NSK(32) which, closes the.pulse check- 
in circuits to the .key-sets as previoly traced. 
 Wth reaY AAC(32) orad the pulse check- 
ing circu closed .by. the pulse checking switch 
i p0stons L 2 and 3 are exteded to the code- 
conversion key-se. The circuits prepared by 
relay NSK(32) and whch extend to the area code 
key-sets in thee positio are ineEective since 
no keys are operated in the area code key-sets. 
With the above-outlined changes in the check- 
ing circuits, the test takes place as previously 
described. 
If the test circuit  used in an oce of the type 
in which the in and out pulsing is synchronized, 
the optional wiring shown in Figs. 8 and 16 is 
omitted and relay D88 (47) is not operated. 
If the sendeç der test is one which  set by 
multi-frequecy pulses, the area code diits are 
sent out as previouslF described. -However, when 
switch (21) reaches position 6, a circuit 
is çlosed rom ground over brush M4 (21), con- 
duçtor  184 through cables  I-3 and 3-4, con- 
tact  of key DTX(47), contact I of relay 
D88(47), conductor 28 through cables 33-41 
and 1-38, contact 5 of relay GL(29), conduc- 
tor 99  battery through the winding of relay 
CDY(22). erefore, the first oce code digit 
is transmitted immediately following the 
area code digit. With switch P(21) in posi- 
tion 7, ground is coected over brush 
to conducr 18 which is connected over con- 
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tact 2 of key 2DTX(47) to conductor 2i02 fo 
operate relay CDY(22), while in position 8, 
ground Is connected over brush 1VIFP4(21) di- 
rectly fo conductor 2i02 fo operate relay 
CDY(22) and the remaining office code digits are 
sent out in positions 7 and 8 in the manner de- 
scribed. 
When switch 1V(21) reaches position 
ground is connected over brush 1VIFP4(21) fo 
conductor 2 |06 which extends over contact 4 of 
relay D08(47) conductor 47@0, through cable 
25-45, contact 7 of key TRL(25) conductor 
through cable 25-, contact $ of key U-XD(55) 
conductor $$@ fo battery through the winding of 
relay MKS(47), operating the latter relay fo 
intiate the marker test. No circuit is closed ïor 
relay CDY(22) in this position and that relay re- 
leases, in turn releasing relay PLC(28). There- 
fore, the thousands digit cannot be sent fo the 
sentier at this rime. 
The trunk closure delay test is ruade as previ- 
ously described, followed by the SL relay test 
after which the sentier starts to senti out puises 
which are checked, for example by switch 
FK(48), which checks the area code digits and 
the flrst two office code digits, advancing as pre- 
viously described to position 6. The sender 
should not senti out the last office code digit until 
it bas received the thousands digit. Similarly 
it should hot send the thousands digit until the 
hundreds digit is received, the hundreds digit 
until the tens digit is received, and the tens digit 
until the units digit is received. The units digit 
must wait for either a stations digit or the start 
signal, and iï a stations digit is received, the lat- 
ter digit cannot be sent out until the start signal 
is received. 
With switch MFK(48) in position 6, ready fo 
check the last office code digit, a test is ruade 
see that that digit is not sent .out prematurely. 
A circuit is closed from ground over brush 
lVIFK$(48) in position 6, conductor 29 through 
cable |-, contact 7 of relay I1V(18), conduc- 
for |000 through cable IS-22 to battery through 
the winding oï relay A|(22). Relay A| (22) op- 
erates and locks over ifs contact 3 fo grooEud on 
conductor  |00. With relay Ai (22) operated, a 
circuit is closed from ground at contact 
relay BLK(ll), conductor |702, contact 5 of relay 
TDK(17), conductor |}9, contact $ oï relay 
MFG(29), conductor 298, contact 2 of relay 
CDY(22), contact 4 of relay A (22), conductor 
2, contact 2 of relay FPA(29) fo battery 
through the winding of relay 1P(29). Relay 
FP(29) operates and, at its contact 
circuit for relay FPA(29), which operates and 
locks over ifs contact 3 to conductor 226 and the 
circuit above traced. When relay FPA(29) op- 
erates it opens the operating circuit of relay 
FP(29) and connects that relay over contact i 
of relay FPA(21), conductor 1309, contact | oï 
relay HPT(13), contact  of relay 1Vi"r(13), and 
conductor $8 fo the contact of relay Q(37). 
Relay Q(37) is operated, as previous!y described, 
whenever a signal is received and, if the last code 
digit is sent out by the sender at this rime, relay 
FP(29) is held operated fo close a circuit ïrom 
battery through the winding of relay 1PB(29), 
contact i of relay FP(29), conductor 292i, con- 
tact | oï relay CDY(22), contact 2 of relay 
A| (22), conductor 2$, brush MIP(21) in posi- 
tion 9, conductor 2||8, contact I of relay 
SK$(30), conductor 3}0, contact 6 of relay 
IMF(18), conductor 180 through cable 18-8 fo 
ground over brush M_'$(48) in position 7, to 

which position it bas been advanced by the opera- 
tion of relay Q(37) in response fo the reception 
of the digit. If relay FPB(29) is operated if 
locks under the control of relay MFS(29), lights 
5 lamp SYF(29), operates relay BLK(ll) and 
opens the circuit for advancing the test. 
Assuming that the sender waits properly, relay 
FP(29) releases. Relay 1V|(19) bas been op- 
erated in the manner previously described under 
lo the control of thousands digit key |4@0 and the 
operating ground for this relay is extended over 
ifs contact , conductor |904, contact | of relay 
A1(22), conductor 22, contact of relay 
FPA(29), contact 2 of relay FP(29), contact 4 of 
15 relay FPB(29), contact 6 of relay MPS(29), con- 
tact  of relay GL(29), conductor 2910, contact 
 of relay SPA(12), contact 2 of relay SCA(12), 
conductor |250, contact 7 of relay AC(29), con- 
ductor 28||, contact $ of relay FGK(27), con- 
2o tact of relay PC3A(27), contact .| of relay 
PC(27), conductor 2]04, contact 4 oï relay 
KS(20), conductor 205, windlng of relay 
PLC(28) fo battery through resistance BU(28). 
Relay PLC(28) causes the thousands digit fo be 
OE5 transmitted fo the sender in the manner previ- 
ously described. When relay KP(28) closes 
contact 3 fo operate magnet lYIFP(21) fo advance 
switch MFP(21) fo position 10, if also operates 
relay M1G(29) which opens the locking circuit 
5o of relay FPA(29). When relay M1G(29) releases 
after relay KP(28) releases fo advance selector 
lVIFP(21), relay FP(29) is reoperated, in turn 
operating relay FPA(29) which again connect 
relay FP(29) fo the contact of relay Q(37). The 
5 last code digit should be transmitted af this rime 
and relay FP(29) held operated but, since switch 
lVIFP(21) bas now been advanced fo position 10 
while switch MFK(48) is in position 7, no circuit 
is closed for relay FPB(29) and when relay Q(37) 
o releases, relay FP(29) also releases to cause the 
hundreds digit fo be sent out. In a similar man- 
ner the remaining digits are sent out and 
checked. 
If the sender under test is one which is set by 
45 dial puises, switch DC (33) is used and when brush 
DC(33) reaches position 4, relay CD(46) which 
controls the sending out of the digits is operated 
in a circuit from ground over contact $ of relay 
EP(34), conductor 4|, brush DC4(33) conduc- 
50 tor | through cable 35-, contact $ of key 
DTX(47), contact | of relay D}8(47), conduc- 
tor 2102, contact 3 of relay G(46) fo batterY 
through the winding of relay CD(34). With re- 
lay CD(34) operated the flrst office code digit is 
55 sent fo the sender and switch DC(33) advanced 
fo position 5. In this position, conductor 21 Is 
grounded over brush DC4(33) which is connected 
over contact 2 of key 2DTX(47) fo conductor 
21 fo operate relay CD(34), and control the 
60 sending of the second office code digit. Switch 
DC(33) is advanced fo position 6 where conduc- 
tor 2102 is grounded over brush DC4(33) and the 
last office code digit sent fo the sender. 
When switch DC(33) arrives in position 7, pre- 
65 paratory fo sending the thousands digit, no cir- 
cuit is closed over brush DC4(33) for operating 
relay CD(46) and the thousands digit is not sent 
out at this rime. However, a circuit is closed from 
ground over brush DC (33) in position 7, conduc- 
70 tor 2126, contact 9 of re!ay DLS(46), conductor 
6|4, fo battery through the winding of relay 
AMK(33). With relay AMK(33) operated a cir- 
cuit is closed from ground over contact 2 of relay 
AMI(33), conductor 206 through cable 
75 contact  of relay D{}8(47), conductor 4]00 and 
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.thence: as-above traced fo battery throug the 
win.ding of relay MKS(47) to start the marker 
:check. 
Following the marker check, the trunk closure 
delay test is ruade, aïter which the sender sends 5 
out the area code digits and the first two office 
-c6de dgits. When the pulse checking switch, ïor 
 example switch MFK(48) bas checked thes_e 
digits it is advazced te position 6. In this posi- 
tion a circuit is cl0sed ïrom ground over brush 10 
MFK3(48), conducter 4829 tl'ough cab!e 18-48, 
contact 3 oï .relay IDL(18), conductor 1808 
 through cable I -4 to battery through the wind- 
ing oï relay AID(33). Relay AID(33) operates 
-and locks_over ifs contac I ad.conducter 4] 15 
fo ground.at-contact 2 of relay DLS(46). 
When relay TDK(I) operates ai the end oï 
trunk closure detay timing, it cl0ses a, circuit rom 
gro.und ai contact  oï relay BLK(ll.), conducter 
 102, contact  of relay TDK(I), cm!ducter !]9, 2O 
contact  and winding of relay SLK(13) to bat- 
 tesT. Relay SLK(13)-operates and looks over it 
contact  to ground on conductor 1}5. With re- 
lay. SLK(17) operated, when relay AID(33) is 
operated as above described a circuit is closed 25 
from ground on conductor 1, contact 2 of re- 
tay SLK(13), conductor 112, contact I of relay 
 AMK(33), contact  oï relay AID(33), conduc- 
tor. 405, contact I oï relay EP(34), contact  of 
relay PSD(34), conducter 41, contact I of relay 3O 
G(46), conducter 49, contact  oï relay 
LBB(45), conducter 2910, contact ? of re!ay 
SPA(t2), contact 2 oï relay SCA(12), conducter 
120, contact 5 of relay STD(51), conductor 2, 
contact 3 of key DSS(30), conductor 940, con- 35 
tact  of relay AV1(34), contact 2 of relay 
DLK(34), conductor 383, contact 3 oï relay 
TG(38), conducter S12 te battery through the 
winding of relay SY(51). 
Relay SY(51) iitiates the sending o the next 4O 
digit, and operates relay SY1(51) as previously 
described. In addition it closes a circuit from 
ground ai contact 2 oï relay STD(5!), Conductor 
51{}{}, contact I of relay 1(51), contact  of relay 
S¥(51), conducter 10, contact 6 of relay ,5 
DA1(30), conductór 09, contact  of relay 
CD(46), conducter 4615, contact  of relay 
AVI (34) t battery through the winding of relay 
AV(34). Relay AV(34) operates in this circuit 
and locks in a circuit from battery through its 5O 
.winding, winding óï relay AVI(04), contact 2 of 
relay AV(34), contact  oï relay DLK(34), con- 
ductor {} to ground ai contact  of .relay 
DLS(46). Relay AV1(34) cannot operate being 
shunted by the operating ch'cuit of relay AV(34). 55 
When relay R(51) operates ai the end of the 
digit, relay AVI (34) operates and closes a circuit 
from ground ai contact I of relay AV(34), con- 
tact I of retay AV1(34) to battery through the 
10werwinding of relay DCG(34) and the winding 60 
of magnet DC(34). Ai its contact , relay 
.AV1(34) opens the circuit of relay S¥(51) caus- 
ing that relay to release. Relay DCG(34) in op- 
erating closes a circuit from ground ai its contact 
9, contact  of relay AVI (34) te battery through C5 
the-xvinding of relay DLK(34). lelay DLK(34) 
operatesand locks over its contacts  and , over 
the back contact of magnet DC(3) to ground 
over contacts I of relays AV1(34) and AV(34). 
 lelay DLK(34) ai its contact  opens the locking 7O 
circuit for relays AV1(34) and AV(34),and ai 
contact 5 connects-ground from conducter-40 
-to.the winding of magnet DC(34) to insure its 
complete operation and te the winding of retay 
._DCG(34). When the magnet DC(34) bas_ 0pened 75 
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its contact and relays AVI (34) and AV(34) bave 
released, relay DLK(34) releases, in turn releas- 
ing relay DCG(34)and magnet DC(34) to ad- 
varice switch DC(33) inte position to send out the 
next digit. 
With switch DC(33) in positims 8, 9, 10 and 
11, the circuit for operating relay SY(51) may be 
traced ïrom ground ai contact 3 oï relay EP(34), 
conducter 401, brush DC(33), contact  of re- 
lay AD(33), conducter 3 and thence as above 
traced to the winding of relay SY(51). (The op- 
tional wiring through key I-IPD(33) would hot be 
furnished in offices of the type employg syn- 
chronized testing of the type being desciibed.) 
Therefore the transmission of the remaining dig- 
its to the sender takesplace witlmut further in- 
terruption. 
For either type of sender, if it is desired te set 
the sender without delays, the cancel delay key 
CD(26) may be opm'ated. With relay MFA(26) 
operated for multifrequency pu]sing, a circuit is 
closed from ground over contact  of key CD(26), 
contact  of relay MFA(26) te conducter 2102 to 
operate relay CDY(22) and that relay remains 
operated throughout the test. For dial pulse 
sentiers, with relay IDL(18) operated, ground 
from contact 2 of key CD(26) is connected over 
conducter 20, and contact 9 of relay IDL(18), 
to conductor 212 te operate relay CD(46) 
çhroghout the tct. 
Manual calls 
IV!.anual calls are of two kinds, those directèd 
to a B operater who completes a connection and 
those fo a traffic assistance or TX operator. For 
ca!Is to a B operater an office code is sent te the 
sender while for calls to a TX operater a special 
code comprising the digits 1-1 and one or two 
otl]er digits is sent to the sender. For this class 
of call, no digits are sent out by the sender. 
To prepare the test circuit for testing the 
sentiers for such calls, key ZAN(25) is operated 
as well as key CD(26). For a B operator call, the 
office code is set up on the office code key-sets 
OCA(14), OCB(14) and OCC(14). For a TX 
operator ca]l the TX code is set up on the area 
code key-sets, ACA(6), ACB(6) and ACC(14) 
together with one of the oce code key-sets if a 
fotu--digit code is used. In addition, ff the test 
circuit is used in an office of the type disclosed 
in the McKim et al. application, where the op- 
eration of a key in area code key-set ACC(14) 
operates relay D08(47), key 2DTX(47) must aso 
be operated. In addition, key TX(46) must be 
operated, since relay TX(46) wfll be operated by 
the grounding of conducter 5{H to te]l the marker 
that a TX code bas been registered. 
With key MAN(25) operated, a circuit is closed 
from ground ai contact  of re]ay TDS(17), con- 
ductor 17{}4, over contact  of key MAN(25) to 
battery through ]amp MAN(25). A circuit is 
also closed from ground on conducter 1100, con- 
tact I of key MAN(25), conductor 1128 to battery 
through relay MAN(ll). Assuming that the 
sender under test requires multifrequency pu]ses 
for setting, relay IMF(18) will be operated as 
previously described. With relay IlVIF(18) op- 
erated a circuit is closed from ground on con- 
ductor ?04, contact  of key MAN(25), conductor 
37{}1, contact 10 of relay IMF(18), conducter 
1800 to battery through the winding of relay 
MFA(26). Switch MFP(21) will be preset in 
position 6. lelay CDY (22) is operated in a 
circuit which extends as previous]y traced to con- 
ductor 2102, contact 4 of relay MFA(2ô) to 
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ground ai contact 2 of key CD(26). Assuming 
B operator call, the digits set up on key-sets 
OCA(14), OCB(14) and OCC(I) are sent out in 
positions 6, 7 and 8 of switch IVIFP(21) as pre- 
violy described. en switch (21) d- 
vnces fo position 9 (since no key is opert in 
key-set T(14), nd consequently rely TH(16) 
is not operted,  circt is closed from ground 
t contact 8 of rely S(29), conductor 
brh 2(21) in position 9, conductor 
through cabes 2  -8  nd  -4, contact 8 of rely 
OCC(16), contact  of rely TH(16), conductor 
248 through cble 80-8, contact  of rely 
bA(26), conductor 80S through cble 
contact  of rely S(29), conductor 29 4, con- 
tact $ of rely A(26), contact  of key W0(26), 
contact  of key PS(26), contact  of rely 
A(26), conductor 88, contact  of key 
CST(29), conductor 29S fo bttery through the 
winding of rely STC(19) fo bttery. With rely 
STC(19) operted the strt signal is sent out s 
previousy described, rely STC(19) so opert- 
ing re]y E(29) which loc der the control 
of rey AC(29) nd operatinff rely LK(11). 
When brh (21) is in position 9, relay 
(7) is operted fo initite the mrker tests, 
fter which the trunk closure dey test is mde 
folowed by the SL rely test. With rely 
RIAN(11) operted, bttery is connected fo the 
windgs of relys (13) nd KT(13) for the 
SL rely test over conductor 04, contact  of 
rely AN(II), conductor 8, contact S of rely 
KTR(13) nd conductor 808. 
Immetely fter the SL rely test, the sender 
functions fo permit the trunk fo compete the 
tIking circt nd is redy fo relese. After 
checking these functions s previously described, 
 circt is cosed for rely CPT(11) which my 
be trced from bttery throuffh the windinff of 
rely CPT(I1), contact  of rely BOE(11), con- 
ductor 22, contact  of key T0(26), conductor 
28, through cble 8-2, contact 4 of key 
NCH(I), conductor 49 through cble 80-8, 
contact 5 of key 12DG(30), çonductor 3OOI 
through cable 3-3, contact 2 of relay S(5), 
conductor , through cable $-4, contact 5 
of key FB(53), conductor 530 through cable 
9-g, contact  of key (14), conductor 420, 
contact of relay CLK(ll), conductor 27, con- 
tact 3 of relay K(13), conductor , contact 
 of relay (11), conductor 23, contact 
of re]ay SP2 (4), conductor 4  $, contact  of relay 
COK(12) to ground on conductor 07. 
e restoration of the test circt and the 
vance fo the next sender take place as previous]y 
described. 
For a three-digit TX code the operation is 
the same as above described except that on 
marker test, grod on conductor 454 is checked 
against operated key (46). 
For a four-digit TX code the operation is the 
saine, except that relay STC(19) is operated 
a circuit which extends as above traced to con- 
ductor 24$ and thence over contact  of re]ay 
OCB(16), contact 3 of relay OCA(16), conductor 
32, through cables 1G-24 and 9-31, brh 
FP2 (21)  position 7, conductor 2901 fo ffrod 
ai contac 6 of relay S(29). 
For an oce of the ype disclosed in the cm 
et al. patent, relay D08(47) is operated becae 
of the operation of a key in key-set ACC(14) and 
key 2D(47) is also operat. Swich (21) 
is preset in position 3 and the s three digis 
are sent out as previoly described. Conducor 
2 i 2 is connect over contact 4 of key 2DTX(47) 
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to conductor 2104 to operate relay CDY(22) to 
control the sending of the fourth digit in posi- 
tion 6. When switch MFP(21) advances to po- 
sition 7, ground is connected over brush MFP4 (21) 
5 fo conductor 2 e5 which is connected over con- 
tact  of key 2DTX(47) and contact 3 of relay 
D08(47) fo conductor 470, completing the cir- 
cuit previously traced for relay MKS(47) fo 
initiate the marker test. 
]0 
Time out 
As soon as relay FST(2) opeïates ïollowing the 
operation of start key ST(2), a circuit is closed 
from ground at contact 8 of relay BLK(11), con- 
15 ductor 28, contact 7 of relay FST(2), contact 
of relay CA| (2), conductor 2 2, contact 2 of key 
TA(10) fo interrupter TA(10). Af the first 
closure of the interrupter contact a circuit is 
closed from ground as above traced over the 
2o interrupter contact, contact 8 of relay CTA(10), 
conductor 9, contact 3 and winding of relay 
TW(9), fo battery through resistance BE(9). 
lelay TW(9) operates and locks over ifs contact 
4, conductor S4, contact 3 of relay CTA(10), 
25 contact 2 of key TA(!0) fo ground over conduc- 
for 22 as above traced, lelay TW(9) closes a 
circuit from battery through resistance BE2(9), 
winding of relay TZ(9), contact  of relay TW(9) 
fo ground over conductor 9{}4 as traced. How- 
3o ever, ground from the interrupter contact is con- 
nected over contact  of relay TZ(9) fo battery 
through resistance BE2 (9) in shunt of the wind- 
ing of relay TZ(9) preventing ifs operation. 
When the interrupter contact opens, relay 
35 TZ(9) operates. Ai the next closure, ground on 
conductor  0   is extended over contact 2 of relay 
TZ(9) to battery through resistance BE(9) in 
shunt of the winding oî relay TW(9) and relay 
TW(9) releases, relay TZ(9) being held operated 
40 over contact 3 oî relay TW(9) and conductor 
0|. With re!ay TW(9) released and relay 
TZ(9) operated, a circuit is closed from battery 
through the winding of relay TW (9), contact 
of relay TW(9), contact 3 of relay TZ(9), con- 
45 ductor 905, contact  of relay CTA(10), contact 
3 of key TA(10) fo ground on conductor 
lelay TW (9) operates and locks over its con- 
tact 2 fo ground on conductor 904. 
When the interrupter contact again opens, 
5o relay TZ(9) also releases. The third closure of 
ground fo conductor  again operates relay 
TW(9), and the following removal of ground 
ïrom conductor 8 operates relay TZ(9) as 
above described. With relay TW (9) operated, 
55 the operation of relays TW(9) and TZ(9) closes 
a circuit ïrom battery through the winding of 
relay TW2(9) and over its contact 
of relay TW (9), contact 2 of re!ay TW(9), con- 
tact 3 of relay TZ(9) fo ground on conductor 
6o 0. lelay TW.(9) operates, locking over ifs 
contact 4 fo off-normal ground on conductor 
and extending this locking ground fo conductor 
0 fo operate relay BLK(ll). lelay TW2(9) 
also closes a circuit for lamp TA(9), which lights 
65 in parallel with lamp BLK(ll) ïrom ground at 
contact 7 of relay BLK(11). 
lelay BLK(ll) at ifs contact , removes 
ground ïrom conductor 212 fo stop the tLrning 
operation. The timing is stopped and recyc!ed 
7o each rime that relay CA (2) is operated and re- 
leased when the test circuit advances fo the next 
sender. A normal test is completed prior to the 
rime that relay TW (9) would be operated. The 
timing operation rnay be canceled by the opera- 
75 tion of key TA(10) when a test is being made 
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under close observation. If is also canceled by 
the operation of relay CTA(10) in connection 
with certain special tests involving time out by 
the sonder. 
Pelay BLK(ll) is operated in response fo the 
occurrence of a number of specific circuit failures 
as describéd hereinbefore and is operated in re- 
sponse to the timing operation as a result of 
other failures which prevent the normal comple- 
tion of a test. 
lelay BLK(ll), when operated for any reason, 
locks over ifs contact 5 and conductor OG to 
ground at contact 7 of relay ON(11) and extends 
its locking ground over ifs contact 4 to battery 
through the winding of relay BLK(11), operat- 
ing the latter relay. Af its contacts - and 3, re- 
lay BLK(11) oPerates an audible OEnd visual 
alarm. Af ifs contact , relay BLKç!I) opens 
the circuit of relay CPT(11) to prevent the test 
circuit from advancing to another sonder. Af its 
contact 5 
to stop the trunk closure delay pulsing and af 
contact 9 c]oses a circuit for reiay CA2ç2), if re- 
lay BT(3) 0Perates after relay BLK(11) has been 
operated while connected to a busy sonder, fo 
cause the test circuit fo recycle and make an- 
otber bus.y test on the saine sonder. 
RelÇy BLK (11) cancels sonder rime out and 
stops inPulsing. Key CST8(11) when operated 
a!so prevents the sonder from timing out. 
Specal tests, ec. 
In addition to the general tests described above, 
the test circuit is equipped with keys ïor modi- 
fying the tests for various purposes. Among 
these the following may be mentioned: Key 
oe{} (1) causes the test circuit to test only multi- 
ïrequency senders by providing circuits for auto- 
matically adancing the toaster switch MS(l) 
over th positions corresponding fo dial-type 
senders. Key M'F(1) also opens the circuit for 
operating relay IDL(18). Similarly key 
causes the test circuit to test dial-type senders 
only. ' 
Key AC0(2) may be used fo silence an OElarm 
while determining the cause. Key APB(2) oper- 
ated permits the test circuit fo advance over busy 
sentiers. 
Key REP(9) is used fo make reeated tests on 
the same sonder. n conjunction with this key, 
key HRP(3) may be used fo prevent the sei,ure 
of the sonder for service. Key lEP2(9) causes 
the test circuit fo make two tests on each sendr 
before advancing fo the next sender. If key 
CDK(9) is also operated, fo make the two tests 
on each sonder as described, both tests will 
repeated. 
Keys PC(10), ASA(1) and PCS(1) are used in 
selecting a particular sentier ïor test. 
Key DSS(30) places the setting of the sonder 
under manual control which is exerted by the use 
of key AV(30), or by remote control, using a cord 
inserted in jack RC(9). 
Key CA(2) is used fo advance the test circuit 
to start a new test after a test ailure. If key 
REP(9) is operated the new test is ruade on the 
same sentier, iï not, the test circuit advances to 
the next sender. 
Key RN(10) restores the test circuit to normal. 
Key INCX(38) is used when the dial-type 
sonder should be set by composite signaling. Key 
SKPA(28) causes the multifrequency in-pulsing 
fo be done very slowing to permit observing the 
operation of the sonder. 
lor some routes the sentier is arranged to 
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transmit a ringing signall either 20-cycle or sim- 
plex and to test the sonder for this function, when 
using the proper designation, keys 2OC(44), 
SX1(44) and the equipment of Fig, 44 is pro- 
5 vided. 
Key PS(26) tests the sender for reaction to a 
permanent signal condition. 
Key PSF(28), pre!iminary single frequency, 
key FKP(22) false key pulse, key 3FKP(22) three- 
]o frequency key pulse, key 3FD(22), three-fre 
quency digit, and key SPE(26) start pulse error, 
test the sonder for response to unstandard multi- 
frequency in-pulsing. 
Keys UXD(55) unexpected delay, XDD(43} 
15 expect digit delay and XSG(44) expect stop-go, 
arranges the test circuit to test the sonder for 
out-dialing delays. These key function with the 
timing switch TM(54). 
Key MKD(45) and switch DD(45) are used in 
20 testing the interdigital timing by the sender, 
while key DT{l(45) and switch DD(45) test the 
ability of the sender to treat a prolonged inter- 
digital interval as the end of dialing.  
VChat is claimed is: 
25 1. In a testing circuit for testing register send- 
ers of a telephone system, means fo connect- 
ing said testing circuit with a sonder, a plurality 
of rows of keys including one row for each pos- 
sible digit of teleph0ne designations, a transmit- 
3O ring circuit including a digit distributor for 
transmitting digits to the connected sonder in 
cordance with a designation set uP on said rows 
of keyso a receiving crcuit including a dgit dis« 
tributor for receiving digits from said send#r, nd 
35 means for presetting the digit distributors of said 
transmitting circuit and said receiving circuit in 
accordance with the first row of keys in which a 
key is operated. 
2. In a testing circuit for testing register send- 
ers of a telephone system, means for connecting 
40 
said testing circuit with a sonder, a plurality of 
rows of keys including one row for each possible 
digit of telephone designations, a transmitting 
circuit for transmitting digits to the connected 
:'5 sender in accordance with a designation set up 
on said rows of keys, a stepping switch in said 
transmitting circuit having a position correspond- 
ing fo each of said rows of keys, and means under 
£he joint control of unoperated rows of keys and 
said switch to preset said stepping switch in the 
50 
position corresponding fo the first row of keys 
in which a key is operated. 
3. In a testing circuit for testing register send- 
ers of a telephone system, means for connecting 
55 said testing circuit with a sender, a plurality of 
rows of keys including one row for each possible 
digit of telephone designations, a transmitting 
circuit for transmitting digits to the connected 
sender in accordance with a. desgnatio set up 
0 on said rows of ke.ys, a. stepping switch in said 
transmitting circuit having a position çorre- 
sponding to each of. said rows Of keys, and means 
to preset said stepping sv¢itch in the position.cor- 
responding fo the first row of kefs in which a 
65 key is operated comprising a stepping magnet for 
said switch, a relay, means for simultaneou.ly 
closing a circuit through the vinding, ol sald re- 
lay and through the win_ding of said stepping 
magnet over a normally closed contact of said 
7O relay, and means under the joint control of said 
switch and unoperated rows ol said keys to pro- 
vent the opeation of said relay to. permit, said 
stepping magnet fo operate and advance sald 
switch until Said switch reaches a position cor- 
75 responding to an operated row of keys. 
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4. In a testing circuit for testing register send- 
ets of a telephone system, means for connecting 
said testing circuit with a sender, a plurality of 
rows of keys including one row for each possible 
digit of telephone designations, a transmitting 
circuit for transmitting digits to the connected 
sender in accordance with a designation set up on 
said rows of keys, a stepping switch in said trans- 
mitting circuit having a position corresponding fo 
each of said rows of keys, and means to preset said 
stepping switch in the position corresponding to 
the rst rows of keys in which a key is operated 
comprising a stepping magnet for said switch, a 
relay, means for simultaneously closing a circuit 
through the winding of said relay and through 
the winding of said iteppini mainet over a nor- 
mally closed contact of said relay, and means un- 
der the joint control of said switch andunoperated 
rows of said keys fo close a shunt around the 
winding of said relay fo prevent its operation and 
means for maintaining said shunt over laid 
switch and contacts controlled by unoperated 
keysets to permit said stepping magnet to oper- 
are and advance said switch untfl said switch 
reaches a position corresponding to an operated 
row of keFs. 
5. In a testing circuit for testing register send- 
ers of a telephone system, means for connect- 
ing said testing circuit with a sender, a plurality 
of rows of keys including one row for each possible 
digit of telephone designations» a plurality of 
transmitting circuits each including a digit dis- 
tributor, means for selecting one of said trans- 
mitting circuits in accordance with the sender 
to which the testing circuit is connected, a plu- 
rality of receiving circuits each includini a digit 
distributor, means for selecting one of said receiv- 
ing circuits, and means for presetting the digit 
distributors of said selected transmitting circuit 
and said selected receiving circuit in accordance 
with the rst row of keys in which a key is oper- 
ated. 
6. In a testing circuit for testing register send- 
ers of a telephone system, means for connecting 
said testing circuit with a sender, a plurality of 
rows of keys including one row for each possi- 
ble digit of telephone designations, a transmit- 
ring circuit for transmitting digits fo the con- 
nected sender, a plurality of receiving circuits, 
means for selecting one of said receiving circuits, 
meani for presetting said transmitting circuit 
and said selected receiving circuit in accordance 
with the first row of keys in which a key is op- 
erated, means in said transmitting circuit to 
transmit the digit corresponding to said operated 
key, means in said receiving circuit to regiiter the 
digit received from the sender, and means in- 
cluding said register and contacts on said op- 
erated key to advance said receiving means if 
the digit received corresponds to the operated 
key. 
7. In a testing circuit for testing register send- 
ers of a telephone system, means for connect- 
ing said testing circuit with a sender, a plurality 
of rows of keys including one row for each p6ssi« 
ble digit of telephone designations, a transmit- 
ting circuit for transmitting digits to the con- 
nected sender, a plurality of receiving circuits, 
means for selecting one of said receiving circuits, 
means for presetting said transmitting circuit and 
said selected receiving circuit in accordance with 
the first row of keys in which a key is operated, 
means in said trnsmitting circuit to successive- 
ly transmit the digits corresponding to said op- 
erated keys, means in said receiving circuit fo 
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register each digit as received from the sender, 
and means including said register and contacts 
on said operated keys to advance said receiving 
circuit if the digit received corresponds fo the 
5 operated key. 
8. In a testing circuit for testing register send- 
ers of a telephone system, means for connecting 
said testing circuit with a sender, a plurality of 
rows of keys including one row for each possi- 
10 ble digit of telephone designations, a transmit- 
ring circuit for transmitting digits to the con- 
nected sender, a plurality of receiving circuits, 
means for selectini one of said receivini cir- 
cuits, meani for presetting said transmitting cir- 
15 cuit and said selected receiving circuit in ac- 
cordance with the first row of keys in which a 
key is operated, means in said transmitting cir- 
cuit fo successively transmit a plurality of digits 
corresponding to operated keys, means operated 
20 following the transmissior of said plurality of 
digits to stop said transmitting circuit and to 
cause said sender to transmit digits, means in 
said receiving circuit fo regster the digits as 
received from the sender, means fo compare each 
25 digit as received with a digit set up on the corre- 
sponding row of keys, means operated if the 
digit received is the saine as the digit set up fo 
prepare said receiving circuit fo receive the next 
digit, and means operated following the reception 
30 of a predetermined number of digits fo cause said 
transmitting circuit to transmit the remaining 
digits to said sender. 
9. In a testing circuit for testing register send- 
ets of a telephone system, means for connecting 
35 said testing circuit with a sender, a plurality of 
rows of keys including one row for each possible 
digit of telephone designations including code 
digits and numerical digits, a transmitting cir- 
cuit for transmitting digits to the connected send- 
40 er, a plurality of receiving circuits, means for 
selecting one of said receivinE circuits» means for 
presetting said transmitting circuit and said se- 
lected receiving circuit in accordance with the 
rst row of keys in which a key is operated» means 
45 in said transmittini circuit fo successively trans- 
mit the code digits corresponding to operated 
keys, means operated following the transmission 
of said plurality of digits fo stop said transmit- 
ring circuit and to cause said sender fo trans- 
50 mit digits, means in said receiving circuit fo 
register the digits as received from the sender, 
means to compare each digit as received with a 
digit set up on the corresponding row of keys, 
means operated if the digit received is the same 
55 as the digit set up to prepare said receiving cir- 
cuit to receive the next digit, and means operated 
when said receiving circuit is prepared fo receive 
the last code digit to cause said transmitting cir- 
cuit to transmit the numerical digits fo said 
60 sender. 
10. In a testing circuit for testing register 
senders of a telephone sFstem, means for con- 
necting said testing circuit with a sender, a plu- 
rality of rows of keys including one row for each 
65 possible digit of telephone designations, a trans- 
rnitting circuit for transmitting digits to the con- 
nected sender, a receiving circuit for receiving 
digits from said sender, means to transmit a des- 
ignation to said sender in response to which the 
70 sender normallF causes a translation tobe per- 
formed resulting in sending out a different desig- 
nation, and means to successively cause said 
sender to send out the designation registered and 
to send out the translated designation. 
75. 11. In a testing circuit for testing register 
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senders of a telephone system, means for cqn- 
necting said testinz circuit with a sender, a p!u- 
rality of rows of keys including one row for each 
possible digit of telephone désignations, a trans.- 
mitting circuit for transmitting digis fo the 
connected sender, a receiving circuit for receiv- 
ing digits from said sendcr, means in said re- 
ceiving circuit fo compare each digit as leceved 
with the digit set up on the corresponding row 
of keys, means to advance sai.d receiving circuit 
if the same digit is received and set up, man fo 
tender said receiving circuit effective fo comP;'e 
the digits received with the proper rovs of 
keys, means fo transmit a designation t.o said 
sender in responce to which the sender norm]ly 
causes a translation fo be perfor.med resu!ting in 
sending out a different designation, and means to 
successively cause said sender fo send. ou the. 
designation registered and to s_end out he tlans- 
lated designation. 
12. In a testing circuit for testing regi.ster 
senders of a telephone system, mea!]s for con- 
necting said testing circuit with a sÇnder, a pla - 
rality of rows o keys including one row for each 
possible digit of telephone designaion, a. taus - 
rnitting circuit for transmitting digits fo the con- 
nected sender, a receiving circuit for re.ce!ring 
digits fi'om said sender, means to Success_ively 
connect said receiver circuit wih said rOWS O f 
keys, means in said receiving circuit fO co_mPre 
each digit s received with th digi set up on the 
corresponding row o keys, means to advance 
said receiving circuit if the saine d!gi_t is re- 
ceived and set up, means to tender said recéiving 
circuit effective to compare the digiÇ re_ce.ivêd 
vith the proper rows of keys, means fo transmit 
a designation fo said sender in 1;esponse fo which 
the sender normally causes a transl.tion_ fo be 
performed resulting in sending tt a different 
designation, means to mae two successive tCss 
on each sender, means 0peçated_ dur_ing the first 
of said tests to cause said sender fo send out -he 
designation as registeçed, mea_r-operated_ dring 
the second of said tests fo cause said sender fo 
send out the translateddes.ignaion,and riièans 
also operated dm'ing sa_id second test t O alter the 
connections between sad cei¢ing circuit , and 
said rows of keys to cause said receiving circuit 
fo compare the digits rece!ved with. the digitç 
up on other rows of keys. 
13. In a testing ci'cuit for testng- register 
senders of a telephone system, means for con- 
necting said testing cir.cui.t with a sender, aplu- 
rality of rows of keys inc!uding one row f.or each 
possible digit of telephone designations, a trans- 
mitting circuit for transmitti.ng, digit, fo the 
connected sender, a receving circuit. çornPrising 
a register for receiving digits from. said sender, 
and a digit distributing switch for conn,ecting 
said register and said rows of keys, means to 
transmit a designation fo said sender in response 
to which the sender normally caas¢ a. trnsla- 
tion fo be performed resu_li-ng in sending ot 
only a part of the dgits transmit_te d to the 
sender, means fo makÇ two: success.ive tests on 
each sender, means opeFate d duing the firSt of 
said tests fo cause said sendÇr fO sen.d, o_uç te 
designation as registered, m.eans opeated du'ing 
the second of said tests fo cause said_ sen_der tp 
send out the translated designation, .means 
ated during said first test to preset, the digit dis- 
tributing switch of said receiving circuit in con- 
nection with the first row of keys on which said 
designation is set up, and means.operated during 
said second test to preset .the digit distributin 

72 
switch of said receiving circuit in connection with 
th.e. row of kys on which the first dig_it to be 
transmited by the sender is st up. 
14. In a testing circuit or testing regist 
5 send_e.rs in a telephone System, means for con- 
necing said testing device with a sender, a plu- 
rality of rows o keys including one row or each 
possible dig.it o telephone designation s, means 
or transmitting designations to a connected 
]0 sender, a receiving circuit for receiving digits as 
received rom said sender in accordance with a 
code which comprises tw out o_f a plurality of 
alternatirg-current fi'equencies, means for con- 
necting said receiving circuit with said rows of 
15 keys, means fo register the identity of the two 
frequen_cies received, means to indiçate that the 
two frequencies received correspond fO the digi 
set up on the connected row of keys, means fo 
indicate that no less than two requencies are re- 
2o ceived, means to indicate tha no more than 
two requencies are received, and means under 
the control of all of said indicating means to 
rance sad receiving circuit only if the digit re- 
ceived comprises the correct two frequencies no 
5 more and no less. 
15. In a testing circuit foi" testin register 
senders in a te]elhone system, means for con- 
necting said testing device with a sender, a plu- 
rality of rows of keys including one row foi" each 
0 possible diglt of telephone desinations, means 
for transmitting designations to a connected 
sender, a receiving circuit for receiving digits as 
received from said sender in accordance with a 
code which comprises two out of a pluratity of 
 alteïnatin2"-current fr¢quencies, means for con- 
necting said receiving circuit with said rows of 
keys, means to register the identity of the two 
frequencies received, means to indicate, that the 
two frequencies received correspond to the digit 
0 set upon the connected row of keys, means to in- 
dicate that no less than two frequencies are re- 
ceived, means to indicate that no more than two 
frequincies are received, and means to advance 
said receiving circuit only if the digit received 
45 comprises the correct two frequencies no more 
and no less comprising a relay, an operating cir- 
cuit foi" said relay extending tò battm through 
a plurality of asymrnetric conducting devices, and 
means fo connect ground between said relay and 
50 each of said asymmetric conducting devices under 
the controi of said indicating means. 
16. Lu a testing circuit for testing register 
sendm's in a telephone system, means for con- 
necting said testing device with a sender, a plu- 
55 ra!ity of rows of keys including one row for each 
possible digit of telephone designations, means 
for transmitting designations to a connected 
sender, a receiving ch'cuit for receiving digits as 
received from said sender in accordance with a 
60 code which comprises two out of a plurality of 
a!ternating-current frequencies, means for con- 
necting said receiving circuit with said rows of 
keys, means fo register the identity of the two 
frequencies received, separate circuits for indi- 
65 cating that the two frequencies received corre- 
spond fo the digit set up on the connected row of 
keys, a circuit for indicating that no less than 
two frequencies are received, a circuit for indicat- 
ing that no more than two frequencies are re- 
70 ceived, and means fo advance said receiving ch'- 
cuit. only if the digit received comprises the cor- 
rect two frequencies no more and no less com- 
prising a relay, an operating circuit for said re- 
lay extending fo battery through four asymmetric 
75 conducting dev2ces and means to connect grovnd 
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between said relay and each of said asymmetric cuit only if the digit received comprises the cor- 
conductin devices over said indicating circuits, rect two frequencies no more and no less, com- 
17. Y.n a testing circuit fo testing register prising a relay, an operating circuit for said re- 
senders in a telephone system, means for con- lay extending fo battery through four recti/iers, 
necting said testing device with a sender, a plu- 5 and means fo connect ground between said relay 
rality of rows of keys including one row for eacl and each of said rectifiers over said indicating 
possible digit of telephone designations, means circuits. 
for transmittin designations fo a connected CI-_AIES O. PAIKS. 
sender, a receiving circuit for receiving digi as 
received from said sender in acordance with a I0 REFERENCI,S CITED 
code which comprises two out of a plurality of The following references are of record in the 
alternating-current frequencies, means for con- file of this patent: 
.: necting said receiving circuit with said rows of 
keys, means fo register the identity of the two UNITED STATES PATENTS 
frequencies received, separate circuits for indi- 15 Number Naine Date 
cating that the two frequencies received cotte- 1,575,128 leeves ............. Mar. 7, 1926 
spond to the digit set up on the connected row 1,745,039 Simpson ............ Jan. 28, 1930 
of keys, a circuit for indicating that no less than 1,958,635 Myers ............. May 15, 1934 
two frequencies are received, a circuit for indi- 2,004,607 Hersey ............ June 11, 1935 
cating that no more than two frequencies are re- -0 2,225,688 Dehn .............. Dec. 24, 1940 
ceived, and means to advance sa.id receiving cir- 



